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1. INTRODUCTION

1.1. Background

In Finland, food constitutes a major single item of private consumption ex-
penditure. In 1976, its share was 22 per cent. Since 1950, a considerable change has
taken place in the consumption structure as a whole. About 36 per cent in 1950,
the share of food has declined steadily since then. Among the most important reasons
prompting these developments, we may list the following: increased disposable
income, changed price ratios, changed population structure, changed tastes -and
habits and the introduction of new products. i i

The food category itself has changed duting the past two and 2 half decades
(see Figure 2.2.1.). The consumption of cereals and potatoes indicates a declining
trend (because of changed data soutces, potato consumption registers an upward
shift in 1961 and a downward one in 1976). In comparison, the consumption of some
animal products such as meat, eggs and cheese, rises considerably. The same goes
for fruits and berries. These developments are typical of all so-called developed
countries although some national differences may exist. T

Examined in terms of calorie consumption, three commodities — cereals, milk
& dairy products and sugar — constituted some 80 per cent of the total calorie
intake of the Finnish diet in 1950. In 1977, the respective figure was 63 per cent.
The main reason for this decline is the decreased consumption of cereals. It is ‘also
worth noting that meat has become an important source of energy as in 1977, its
share was about 14 per cent of the total calorie intake. In general, the Finnish diet
today consists of a wider variety of commodities which are in many cases consumed
in larger quantities than before. It is obvious that the same reasons that were indicated
before are accountable for these changes.

On the other hand, a healthy diet should also consist of protein in proper quanti-
ties and qualities. In particular, animal protein is needed for growth because of its
high-quality animo-acid content. In spite of some annual fluctuations, the: total
protein consumption shows little variation during the period 1950—77. A noticeable
change has occured, however, in the structure of protein consumption. In 1950,
the proportion taken by animal protein of the total protein consumption was about
54 per cent. In 1977, the total figure was 71 per cent. L

Finally, the consumption structure of the Finnish diet and changes therein can
be expressed in terms of expenditure shares (Table 1.1.1.). The figures in that table



Table 1.1.1. Expenditure shares of main food items per cent of total expenditure.

1950 %) 1966 %) 19713) 1976 %)

loCereals ...oovvviii i, 6.6 4.7 3.4 2.9
2. Potatoes ....eeviiniiiiiiniineian., 1.2 0.6 0.4 0.4
3.8ugar o 1.7 1.2 0.7 0.7
4. Vegetables ..............ccouiuiu., 1.2 0.9 0.9 1.0
5. Fruits & berties .......covvuuvnn.... 2.8 2.0 1.9 2.0
6. Beef . ..iiiiii 4.6 3.0 2.9 2.6
7o Potk v 3.4 2.6 2.7 2.4
8. Bggs vttt i 1.7 0.8 0.7 0.5
B ) 1.5 0.8 0.7 0.6
10. Milk & milk products ................ 6.2 4.3 3.5 3.4
11. Cheese ....ovvinnieiiiiiiiinns 0.2 0.5 0.5 0.6
12, Butter ..ovvveiniieiie i, 4.0 3.0 1.6 1.2
13. Margarine & oils .........ccounn..... 0.4 0.4 0.5 0.5
Total ) |  35.5 24.8 20.4 18.8

1) ANON. 1951, p. 428—429

%) ANON. 1968: 11, p. 52—53

3) ANON. 1974: 5, p. 58—59

%) LEHTONEN 1979, p. 24—26

%) Note that coffee, tea, cocoa, candies and spices ate excluded from this total,

ate based on household surveys. With some exceptions, the expenditure shares of
nearly all commodities are small. In 1976, the expenditure share of several goods
was less than one half of what they were in 1950/51.

Since the late 1960’s, although never officially verified, the production target
of Finnish agricultural policy has been self-sufficiency or production quantities
slightly exceeding it. This target applies to all the main products. The adjustment
of production to the level of self-sufficiency requires that we know the future con-
sumption of agticultural products. '

Apart from overproduction, Finland has, in recent years faced the problem of
a disadvantageous farm structure; there are too many small farms on which people
cannot make their living. The three factors — consumption, production and farm
structure — make up an entity where consumption is the key factor. By virtue of
reliable consumption forecasts, we are able to set production targets to meet a given
self-sufficiency level, which in tutn establishes good grounds for developing the
farm structure.

The future consumption of food commodities is also of major importance to
the food processing industry, in planning the volume of future processing capacity.

1.2. Problem and objectives of study

In developed economies such as Finland, there are usually no established human
consumption targets for food. Apparently, this is because in these countties the aver-
age diet reaches or exceeds the nutritional minimum of a healthy diet. Given these



circumstances, the consumption of food is determined mainly by market forces
and agricultural policy. Thus, if we want to make consumption forecasts, it is essential
to know the economic behavior of consumers. In other wotds, we ought to know
how consumers respond to changes in commodity prices and in their disposable
income. After first making assumptions on the future development of these factors,
are we able to predict future consumption within some etror margins.

Despite numerous individual studies, our knowledge of the demand for food,
and factors affecting it, is at the moment inadequate. Today, we do not have, for
example, updated price and income elasticities. As regards consumption forecasts
and studies in that field, the lack is even more obvious, since no studies are currently
available that would include consumption forecasts based on an up-to-date demand
study. As indicated before, the results of such a study would be highly valued.

In this connection, it is to be mentioned that official State Committees have usually
paid minor attention to the consumption of farm products. Generally, major em-
phasis has been placed on the means of cutting production. The future consumption
levels are then usually estimated relying on past trends. '

The specific objectives of this study can be expressed in terms of economic
language as follows:

1) to estimate all the own-price and income elasticities of the demand for agri-
cultural products. To estimate as many as possible of the cross-price elasticities
so that these form a consistent elasticity matrix, and to detect changes in the
demand elasticities,

2) to elaborate a system that enables one to make reliable forecasts for the future
consumption of agricultural products; this system should include a mechanism
through which the existing forecasts could be revised following access to
up-to-date data,

3) to make short-term and longer-term consumption forecasts for agricultural
products. In this connection, »short-termy refers to forecasts extending 2—3
years ahead; the »longer-termy time span reaches about 10 years ahead. The
accuracy requirement of the latter is set lower because these forecasts are to
be revised subsequently.

1.3. Previous studies

There is a large number of studies on the demand for agricultural products in
Finland. Almost all of them deal with demand for single products or a small sub-
group of products. Studies where all farm products are examined at the same time
are not very numerous. Only the latter type of studies carried out in Finland are
referred to in this section. The results of other studies are commented on in the
context of the results of this study.



In 1961, KAARLEHTO (1961) published a study where he estimated demand
elasticities for farm products on the basis of the 1956 budget study data. These are
cross- section elasticities calculated in terms of quantities and expenditures. The data
is grouped by socio-economic classes and the size of families. Two types of demand
functions were used. The study covers a total of 18 commodities or commodity
groups.

A demand study by MARJOMAA (1969) is based on the 1948—65 timeseries
data of the consumption expenditures shown by the Finnish National Accounts.
Data from the 1955/56 and 1960 budget studies was used to obtain cross-section
elasticities. The study covers all products and services belonging to private con-
sumption, Food is devided into 9 main groups of commodities which include some
subgroups. The results are not considered very reliable by Marjomaa mainly because
of data problems.

In 1973, HAMALAINEN (1973) published a study which may be regarded
as an updated extension of the Marjomaa study. Also in this study, food is divided
into 9 main groups. The data covers the years 1948—69. In addition to the above-
mentioned budget studies, Himiliinen used data from the 1966 household survey.
This study includes a calculation of price elasticities of 12 commodity groups using
the Frisch method. It is the first study to introduce consumption forecasts which
were worked out for 1975.

The most recent consumption forecast of agricultural products was made by
HAGGREN and KETTUNEN (1976) in 1976 (see also KETTUNEN 1976). The
putpose of this study was mainly to alleviate the glaring lack of forecasts. The fore-
casts in this study, extending up to the year 1985, are based chiefly on past trends
and subjective evaluations. However, the results of the previous studies are taken
into account as far as possible. All of these forecasts are conditional because they
assume the materialization of a certain price and income development. Thus they
are going to be revised at some years’ intervals.



2. CHANGES IN CONSUMPTION AND PRICE STRUCTURE OF FINNISH
DIET

2.1. General remarks

The purpose of this chapter is to set forth the most impostant developments in
the quantities consumed and the retail prices of the food items to be studied later.
It aims to provide some background information for the economic analysis to be
performed in the chapters that follow. This discussion is not meant to be complete
in terms of coverage and depth. It only provides a supetficial historical review of
the main policy and price changes. The development of the quantities consumed is
also surveyed.

After World War II, all the main foodstuffs were rationed until the end of the
1940’s. The rationing was discontinued gradually so that by the early 1950’s, only
tice, margine, sugar and coffee were affected. The rationing of margarine and sugar
was abolished at the end of 1953 and that of coffee two months later. Because the
research period covers the years 1950—75, only the products mentioned are affected.
The influence of ratioing is later eliminated by varying the period of analysis.

The retail prices of most foodstuffs have, with some exceptions, been under
control since World War II. The control measures included price control and price
freeze. Because these are, from the standpoint of this study, exogeneous factors,
they are not discussed.

In 1956, the first Agticultural Price Act was passed. Even though the purpose
of this act and the subsequent ones has been to stabilize the producer prices of agri-
cultural products, they have had at least some stabilizing effect on the retail prices,
too. Similar policies were also followed between 1952 and 1956 even though no
formal law existed.

The Finnish mark was devalued in 1957. Subsequently, foreign trade underwent
extensive liberalization. The measures taken included the abolishment of quantitative
restrictions, reductions of customs and import duties. The main foodstuffs were,
however, left outside the scope of these measutes, as quantitative restrictions were
maintained. Tt is very difficult to make any quantitative valuation of how much the
liberalization of trade has affected the retail prices after 1957. However, we may
conclude that its effect has been relatively larger on fruits and some vegetables
than on f.ex. animal products, which are still placed under quantitative import re-

strictions.

2 127902857L
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It is obvious that quality changes have occurred in many foodstuffs since 1950.
Apart from changes in the products themselves, the packing of foodstuffs has im-
proved considerably both in quality and quantity. Overall, these changes have been
reflected in higher retail prices. In this connection, it is to be remembered that the
consumption of highly packed products is usually connected with highly prepared
food or fully completed meals. In other words, part of the preparing of food pre-
viously carried out by households is transferred to the food processing industry.
Accordingly, we may conclude that seldom can one discover a pure price change;
usually the price change observed is a mixture of quality changes and changes in
packing, including the selling of certain services to consumers.

2.2. Changes in per-capita consumption

In this chapter, the main features in per-capita consumption trends are discussed
in brief commodity by commodity. As poiﬁted out earlier, this review does not
purport to be a complete one.

Cereals; per-capita consumption of cereals has declined with some exceptions
since 1950. While in 1950, consumption was about 123 kg/capitafyear, the same
figure for 1977 was only 72 kg or 59 per cent of the amount consumed in 1950 (see
Figure 2.2.1.). Some levelling off can be detected in the early 1970’s. Finally, we
may note that bread and other bakery products in general have undergone
relatively small changes in quality.

Potatoes; consumption of potatoes has declined almost at the same rate as that of
cereals (Figure 2.2.1.). The spurious.inctease in consumption in 1961 and the de-
crease in 1976 are due to changes in the basic data. The quality changes for potatoes
are not very many as f.ex. potato chips have not become so popular in Finland as
in many other countries.

Sugar; consumption of sugar rose fairly steadily up to 1972, when the record
level of 45.5 kgfcapita was reached (Figure 2.2.1.). Since then consumption has
declined rapidly. Quality changes in sugar during the study period are minor. It is,
however, worth noting that apart from sugar consumed as such, it is widely used
as an ingredient in many products, f.ex. in bakery products and in soft drinks.

Vegetables; from 1950 to the late 1960’s, consumption of vegetables remained
nearly unchanged; at the level of 20 kg per capita. Since then some increase has
occured. The structure of vegetable consumption has obviously changed somewhat.

Fraits and berries; consumption of this group has grown rapidly, a per-capita
consumption of 16.5 kg in 1950 was doubled in 1960 and tripled ten years later.
In the 1970, the growth of consumption has accelerated, reaching 81.8 kg/capita
in 1977. One reason for that is the increasing use of juices in recent years which
is counted as fruit consumption. Imports and the amount of domestic apples harvested
are of major importance to the consumption of this group.
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Beef; in 1977, consumption of beef was almost twice the amount consumed in
1950. In the middle of the 19707, the increase of consumption has levelled off and
turned slightly downwards. Beef itself has not changed very much, but some re-
markable developments have occurred in processed meat products. It is estimated
that one half of all beef is consumed in the form of processed meat.

Pork; consumption of pork has more than doubled in the study period. In the
1970’s its use has exceeded that of beef. Since 1950, the quality of pork meat has
improved considerably. As in the case of beef, approximately one half of pork is
consumed in the form of processed meat.

Eggs; consumption of eggs has more than doubled during the period 1950—77.
In the early 1970’s, consumption seems to have settled at a level of neatly 11 kg/
capita. In fact, the product itself — the eggs — has changed very little, but it is
to be remembered that in recent years, more eggs have been consumed in the form
of bakety products.

Fish; from 1950 to 1965, annual consumption of fish remained nearly unchanged
at the level of 10.5 kg/capita. After that it has risen somewhat. In recent years, fish
has been consumed on an increasing scale in frozen form. Annual catches have had
an impact on consumption levels.

Milk; in addition to liquid milk, this group includes all the other dairy products
except cheese and butter. From 1950 to 1970, milk consumption declined, with a
few exceptions, quite rapidly each year. The increases seen in the 1970’s are likely
to stem from the introduction of new products such as yoghurt and kefir. Sales of
unpacked milk have been discontinued and disposable cartons introduced. Some
quality changes have occurred with regard to the fat content of consumption milk,

Cheese; in 1950, annual consumption of cheese in Finland was only 1.5 kg/capita.
By 1977, the consumption level had increased fourfold. Still it is quite low compared
with other European countries. The structure of cheese consumption has remained
unchanged: the Finns eat almost exclusively Edam- and Swiss-type cheeses. Not
until recently have other cheeses become more popular.

Butter; consumption of butter has declined since 1962, when the record level
of 18.7 kg/capita was reached. Even though some rises have taken place, the trend
is continuously pointing downward. The increased consumption experienced in
the eatly 1960’ is related to the so-called margarine scandal which will be discussed
in connection with margarine. Quality changes in butter have been minimal.

Margarine; on the basis of Figure 2.2.1,, it is easy to conclude that margarine
consumption is closely connected with consumption of butter. In the early 1960’s,
consumption of margarine declined sharply because of the so-called margarine
scandal. This was caused by some newspapers which attacked margarine manu-
facturers, accusing them of using inferior raw materials. Since the mid—i960’s, the
use of margarine has risen rapidly. The introduction of new soft »icebox» margarines
is likely to have contributed to this development. The disputed health aspects of
butter have probably also had an impact on the rising consumption of margatine.
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In the early 1950°s, fotal calorie consumption was some 3 000 cal/capita/day. By
the mid-1950’s, it rose to nearly 3 200 cal. Since then the trend has been down, so
that in the mid-1970’s the total consumption was less than 3 000 cal. The factors
having caused the downward trend include f.ex. decreased manual labor and the
urbanization of the population in general.

Because this study is devoted to the examination of demand for food items in
Finland only, no in-depth compatison is made with other countties. In brief, we
may state that the consumption level of cereals and potatoes is higher than the average
level in European countries. On the other hand, the use of vegetables and fruits is
lowet. A striking feature of the Finnish diet is a high consumption of dairy products.
It is one of the highest in the world. In Finland, the utilization of butter is higher
than that of margarine. In Europe, the ratio is usually the other way round. Finally,
we may conclude that even though the consumption levels of various food items
differ from those of other countries, the consumption trends are highly comparable.

2.3. Changes in retail price structure

In this chapter, a brief historical review is presented of the retail prices of various
food items. Only the relative prices are discussed. They are obtained by deflating
the money prices by the consumer price index. In order to facilitate comparisons
of development, the prices are converted to index figures with the year 1950 denoted
by 100. It is to be pointed out already at this stage that the price and the quantity
data have been collected from diffesent sources, so they are not necessarily consistent
with each other.

Cereals; the price of cereals is indicated by means of an index showing the price
development of some flours and finished bakery products. This index had not risen
very much by the end of the 1960’s but since then a substantial increase has occurred
(Figure 2.3.1.). Again, from the late 1960’s onward, prices have remained stable
with some exceptions. It is very hard to make any precise estimates of the extent
to which quality changes and the introduction of packing have been reflected in
the prices. Compared with some other products, these changes are, however, of
minor importance.

Potatoes; the retail price of potatoes has fluctuated fairly widely. Variations in
annual yields are probably one teason for this. In the mid-1 970’s, the price level has
distinctly risen while the amount of potatoes sold in retail packages has also increased.

Sugar; the retail price of sugar also shows wide variations, the main reason being
fluctuations in the world market prices. Quality changes have been minimal.

Vegetables; from a consumer point of view, the trend of vegetable prices has
been favorable because ever since the early 1950’s, the prices have been below the
1950 level. Annual fluctuations have been, however, substantial. Increasing use and
development of packing have apparently influenced the prices, especially in the latter
part of the study period.



14

"SIqUINy Xopul UL ‘L/—(GGT PUP[UL] Ul SWII} POOj Ufew oyl Jo seopd [rw3er [var jo juswdorpasy ‘1°¢'z am8ny

§L- oL~ S9- 039- §G- 0s61
| 1 1

" " L

09

08

ol

xapu|

SL- . 0L S9- 09- el 0561

09

08

ool

ozl

- x8pu|

GL- 0L~ S9- 09- 4G 0s61
1 L ] 1 'l 1
-..:...--. - AT TP PORUR ow
syniy
08
= |oot
' so|qeiabap L
I/\ . B P ozl
AT il N N
eI\ 7
- Y] ovlL
AN
oSt
xapu|
G- 0L~ G9- 09- §G- 0S61L
i '} 1 1 - 2 1
09
08
ool
ozL
I
sieasay |/ \ oL
saojelod '
n !
\ VAN 09l
RN
NN
xapu|



15

Index

220

Earnings
200
180
160
140
120

Food

100 P
Non-food
T T T T T T
1950 -55 -60 -65 -70 -75

Figure 2.3.2. Development of real retail price of food, non-food
goods and real earnings as index numbers.

Fruits; the trend of fruit prices has been similarly favorable from consumers’
point of view. From the early 1960’s to 1977, prices have been only 60 per cent of
the 1950 level (Figure 2.3.1.). Price fluctuations have been slight also in this period.

Beef; the overall trend of the beef price up to 1964 was downward. Since then
the price has experienced a substantial tise with some downward movements in
recent years. One explanation for the price rise is the agricultural price policy,
favorable for beef producers in those years.

Pork; in recent years there has been very little movement in the real price of
potk. It is worth noting that despite quality improvements the price of pork has
remained unchanged since 1960. The absolute price of pork has been below that
of beef since 1967.

Fggs; in the long run, the real price of eggs has declined. However, there are
some annual fluctuations. Compared with other animal products, the price develop-
ment of eggs has been favotable for consumers. Because eggs as a product have
undergone minimal change the price reflects hardly any quality changes.

Fish; the price of fish has fluctuated considerably during the study period. In
patt, this is due to the annual domestic fish catches. In the 1970’s, prices have become
established at a level below the previous prices.

Milk; the price of liquid milk has risen all the time since the mid-1950’s, with
some annual fluctuations. Possible reasons for the increased prices are the increased
producer price for milk and the introduction of disposable cartons in retail sales.

Cheese; the development of cheese prices has been fairly stable. Although some
annual fluctuations have occurred, the prices have remained at the level where they
were at the end of the 1960’s. Because these prices refer to a certain type of cheese,
the quality changes are not very many.
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Butter: the price of butter has declined over the long range. At the same time,
considerable annual fluctuations have occurred. In order to reduce large stocks,
butter was sold at reduced prices in 1969. Similarly, milk producers have been able
to buy butter at a lower price. Even though the product itself has remained unchanged,
new forms of packing have influenced the price.

Margarine; right up to the end of the 1950’s, the price of margarine rose quickly.
Since then a sharp decline has occurred. Because of the introduction of »icebox»
margarine, this price series includes the impact of considerable quality changes.
The price ratio of butter and margarine has been kept constant by means of govern-
ment measutes.

Figure 2.3.2. indicates the real price development of food and non-food goods.
After the sharp decline in 1956, food has become gradually more expensive in real
terms. The sharp rise in 1975—77 is worth noting.

The development of the index of salary and wage earners’ earnings in real terms,
used as the income indicator, is also depicted in that figure. The development of
real earnings was fairly favorable from the late 1960’s onward, the annual growth
rate being about 4 per cent. A decline in real earnings took place in 1977.



3. CONCEPTUAL FRAMEWORK OF DEMAND ANALYSIS

3.1. Some principal concepts

Demand theoty, i.e. the theory of economical consumer behavior, is well estab-
lished. Today, demand theory is likely to be one of the most advanced fields in
economics. There ate also a vast number of empirical studies in this atrea.

The purpose of this section is not to make the reader thoroughly acquainted with
demand theory, its history and applications!). Only the main principles are dealt
with to the extent they are needed in the empirical part of this study.

Suppose that consumers within a certain time petiod consume different com-
modities in quantities q, . . . , q,. The respective prices are denoted by Py, - - -, Pos
and consumer income by u. Let us introduce the following matrix notations:

q1 P1
An. Pn.

Let us suppose further a preference function:

(3.1.2) u=1u(gy, -:.qn)

where u indicates the utility achieved by consumets in consuming the commodities
[« PR« B

The following assumptions are usually made on the preference function (KATZ-
NER 1970, p. 38 and 50):

. u is continuous and smooth without forming kinks,

. u is increasing and ui(q) > Ofori=1,..., n, and all q,

. u is strictly quasi-concave,

. the indifference sutfaces do not intersect the boundaries of the commodity

BN =

space.

The preference function can be derived from consumers’ preference ordering.
This is an axiomatic system which is based on the rational behavior of consumers.
Let us introduce the following notations:

(3.1.3.) q1> Qs

1y A brief review of the history of demand theory is available in KATZNER (1970, p. 5—13).
A more comprehensive sutvey can be found in an article by HOUTHAKKER (1961, p. 704—740).

3 127902857L
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This implies that the commodity bundle q, is preferred to q,. Here q; and q,
belong to C, where C is the commodity space, i.e. the set of all possible commodity
bundles. Correspondingly, the notation

(3.1.4.) 91229,

indicates that q is preferred or equal to ¢,. If the consumers feel that ¢, and q, are
indifferent, the notation,

(3.1.5.) 1~

is used.

The following four basic axioms have to be satisfied before we can define the
preference function (INTRILIGATOR 1971, p. 144—145). Firstly, the preference
relation needs to be reflexive:

(3.1.6.) q=>q

i.e. a commodity bundle is equal to itself for any q in C.
Secondly, the preference relation has to be transitive which implies that if

(3.1.7) q;>q, and qy>>qg, then
(3.1.8) 129,

Thirdly, the preference relation has to be complete. In other words, at least one of
the relations (3.1.3.)—(3.1.5.) has to be valid. Finally, the preference relations ought
to be continuous with no »gaps» in commodity space over which preferences
would not exist.

Suppose that the preference relation in the commodity space is reflexive, transitive,
complete and continuous. Then, there exists a continuous function u (q), so that

(3.1.9.) u(qy)>u(ay), if and only if, g;>q,,

Le. if q, is preferred or equal to q,. If u is a preference function, g(u(q)) is also a
preference function. Then g is a monotonously increasing function. Sometimes u is
called an ordinal preference function.

It is to be emphasized at this point that we cannot estimate a preference function
from empirical data because the utility cannot be measured quantitatively. In other
words, a preference function is a purely theoretical concept that cannot help us if
we aim to measure consumer reactions in varying price situations. If we want to have
an operational tool for measuring consumer behaviour, the concept of a demand
function has to be defined.

The neoclassical economic problem of a consumer is that of choosing a commodity
bundle that is most preferred. This is to say, the consumer seeks to maximize his
preference function. In terms of the utility function, the problem is that of the follow-
ing nonlinear programming:

(3.1.10.) max u = u(q)
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subject to
(G.1.11) p’ q<p.
(3.1.12,) - q=>0, pi>0-and >0

The first constraint is the budget constraint, i.e. the money used for purchasing
commodities q cannot exceed the income y. The latter constraint implies that negative
quantities cannot be consumed and both the prices and the income have to be positive.

In order to solve the nonlinear programming problem, we define the Lagrangian
as follows:

(3.1.13) y = w(@—Ap’ q—u).

From this we can derive the necessaty and sufficient conditions for the maximum

as follows:
(3.1.14.) - ug = Ap
(3.1.15.) pPq=un

When q and 4 are solved, we get the demand functions:

(3.1.16.) q = q(p, -

As compared to the preference function, the demand functions consist of variables
that all are quantitatively measurable which in turn enables us to apply the demand
functions to empirical data.

3.2. Homogeneity condition

An important characteristic of demand functions, which follows from the axioms
above, is that they are free from the money illusion. This means that a consumer
does not feel better off if all the prices and his income were e.g. doubled. That is to
say, a consumer does not react to changes in money prices. The absence of a money
illusion in the demand function (3.1.16.) means that if all prices and incomes are
changed proportionally by the same amount, the quantity of each commodity
demanded remains unchanged. In terms of the function (3.1.16.), this means that for
any positive value of k, o

(321) . a=qp, ») = qkp, k).

A fanction having this property is said to be homogenous of zero degree.
In general, the degree of homogeneity is defined as follows: the function

(3.2.2) (K)Py = £kzy, + v ., kzn)

is homogenous of s degree, because if all the independent variables are multipliea
by k, the result is multiplication of the dependent variable by (k)¢ (k to the sth-power).
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For example, if s = 2, we have a second degree function. In a demand function,
s =0, ie. the quantity demanded remains unchanged if all prices.and incomes are
changed in the same proportion. '

Since k can be any positive number, we can make it equal to the inversion of 2
price. Then we have e.g.:
Pa

P2 Jid
3.2.3. i=q(l, —,..., s )
k¢ ) ai = qi( P1 P1 P1)

The choice of variables for the estimation of a demand function is usually carried
out by selecting the price of the commodity in question and a number of other closely
related prices py, ..., pv in addition to the income variable. The rest of thé prices
are expressed by means of an index indicating changes in the price level in general.
Usually a cost of living index is used!). Based on the homogeneity property, the price
and income variables can then be divided by the cost of living index.

This procedure is normally called deflation. It converts the money prices into
»real» prices. In addition, it helps us to eliminate multicollinearity which is often
appatent in the use of time series data.

3.3. Demand elasticities and their interrelationships

The main results of 2 demand analysis are relationships between the quantity
demanded and the prices as well as between the quantity demanded and the income.
These relationships are usually expressed by means of elasticities. The commonly
used elasticities are presented in the following. The elasticity of commodity i with
respect to income is defined as:

(3.3.1) E; =

Analogically, elasticity with respect to the price of the commodity itself is:

0 log qi
% = 5 log pr

(3.3.2)

and elasticity with respect to some other commodity price, i.e. cross-elasticity is:

0 log q;
%= 5logps”

(3.3.3)

A convenient interpretation of an elasticity applied f.ex. to (3.3.1.) is as follows.
If the income of the consumers changes by one per cent, the elasticity figure shows
by how many per cent consumption for the commodity in question changes. The same
manner of interpretation is, of course, applicable to the own- and cross-elasticity.

1) The pricées included in the demand function should be first eliminated from it:
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Suppose that we have made an analysis of all the commodities demanded by the

consumers. The number of the commodities is denoted by n. Thereby all the price
and income elasticities can be written as a matrix:

€11 €12-+- €1 51

€ €35 ...€n Ep
(3.3.4.) A=} - S

€ny €ng --- €on En

The number of all the elasticities is n?+n. Out of that amount, we have n own-
price (€11, « - +» €nn) and n income (Ey, ..., E.) elasticities. The number of cross-
elasticities (the rest) is n®*—n.

In the case of so-called normal commodities, the own-price elasticities are negative.
With the exception of inferior commodities, the income elasticities are positive. The
cross-elasticities may be positive when the commodities are substitutes, or negative
when we have complementary commodities.

Because consumers’ income sets limits on the quantities demanded, it is likely
that there are certain interrelationships between the price and income elasticities.
Because these interrelationships are later on used as one tool in solving the demand
elasticity matrix, they are here discussed in some detail.

Let us introduce a fraction ¢; that is defined as:

(3.3.5.) a=-—",

where ¢ is the expenditure share of commodity qs out of the consumers’ total expendi-
ture. It can be proved that the elasticities realize the following relations:

(3.3.6.) G Eit+ ...t En=1
(3.3.7.) eyy+ ... +emt+Ei =0
(3.3.8.) ciegi+ . .« +Cnéni = —¢i
(3.3.9.) cxlexi—ciBx) = ci(en—ckEs)

The equations (3.3.6.) and (3.3.8.) are technical relationships. The former indicates
that the sum of weighted income elasticities equals one, when the expenditure shares
are used as weights. The equation (3.3.8.) is the column sum condition. It states that
the weighted sum of the elements of a column of the elasticity matrix equals the
expenditure share of the respective commodity.

The equations (3.3.7.) and (3.3.9.) are based on the homogeneity conditions of
a demand function. The equation (3.3.7.) is the Slutsky-Schultz-relation which states
that the sum of the own- and cross-price elasticities and the income elasticity for a
commodity is zerol). For example, if a commodity does not have any substitues or
complements, the own-price and income elasticities have to be the same figure with
opposite signs.

1y Originally Slutsky presented this idea already in 1912. It is published in a book by SCHULTZ
(1938). A modern presentation is available f.ex. in WOLD (1952, p. 111—116).
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The equation (3.3.9.) is the Slutsky condition specifying the relationship between
two cross-elasticities. It can be interpreted more cleatly if it is expressed in the form:

C)
(3.3.10.) e — f exi+cx(Br—Ey).

If ¢, = c; and E, = E;, a symmetry between the two price elasticities is realized,
Le. g = ey. Correspondingly, if the income elasticities of commodities i and k are
equal, we have:

[ C
(3.3.11) =_x
(=137 Ci

This formula states that the ratio of two cross-elasticities is equal to the inverse
ratio of the respective expenditure shares. The formula (3.3.11) is known as Hotelling-
Juréen’s relation.l)

1) A paper by BRANDOW (1961) is a good example of studies whete a large elasticity matrix
has been calculated by means of elasticity interrelationships.



4. DATA AND FUNCTIONAL FORM

4.1. Data

Time series data were used in this study. Because the main emphasis lies on the
working out of forecasts, it was thought that time series data would achieve this
goal better than cross-section data. For the estimation of price and cross-elasticities,
the time series data were assumed to suit better, too. Usually, it is very difficult or
impossible to obtain price elasticities from cross-section data, because prices do not
vary enough.

The years 1950—77 were chosen as the study period. The reason for not including
earlier observations lies in the rationing of major foodstuffs. As mentioned eatlier,
rationing was discontinued virtually in toto by the end of the 1940’s.

Only annual observations were used. This is because for only a very few food

items, quarterly or semi-annual data are available in Finland. On the other hand, the
authorities, who need consumption forecasts, are usually more interested in annual
figures. .
Food balance sheets prepared by the Agricultural Economics Research Institute
were used as the source of per-capita consumption data. It is not worth discussing in
detail here, product by product, how the consumption figures are obtained. Ouly the
main principle of calculation is mentioned at this stage. The method of »commodity
flow» is used in the food balance sheets by measuring commodity quantities when
passing certain stages of marketing. Thus, by adding imports to domestic production,
subtracting exports, taking changes in stocks into account and finally subtracting
other uses than food, we get the quantities used for human consumption. These are
then converted into percapita figures. The procedure for calculating Finnish food
. balance sheets is discussed in more detail by TORVELA and KALLIO (1969,
p. 1—36).

Even though it is easy to point out several shortcomings in the figures given by
food balance sheets, they do provide consistent data on food consumption as a whole.
Comparisons made by the author (ROUHIAINEN 1975, p. 14) indicate that discrep-
ancies with the results of other food consumption studies (budget studies, food
consumption sutveys) can easily be explained by differences in the samples and the
way of collecting data. In addition, it is to be pointed out that, though the absolute
consumption levels may differ, the annual changes shown by the food balance sheets
are reliable because the calculations are performed uniformly every year.
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From 1949 to 1970, the food balance sheets were calculated, on a split year basis.
A business year beginning the first of July was used. Because of inconvenience and
inconsistency with price data, all consumption figures were converted into a calendar
year basis simply by calculating an arithmetic mean of two adjacent split years.
Changes in consumption are in general gradual. Thus, this procedure was thought
to have very little effect on the original consumption series.

Retail prices compiled by the Central Statistical Office of Finland constitute the
source of price data. The price series for 1950—55 are published by the Ministry of
Social Affairs and Health. Because quantity and price data are collected from different
sources, it is to be pointed out that in many cases they do not correspond exactly
with each other.

4.2, Variables

The Finnish diet was divided into 13 food items or groups of similar food items.
Accordingly there are 13 dependent variables plus one additional variable indicating
the total calories consumption.

The number of 13 was thought to be a reasonable solution because it makes the
vast amount of consumption data a little more manageable in reducing the number
of cross-elasticities to be estimated. On the other hand, it was felt that it is not reason-
able to have too many small groups because consumer reactions to f.ex. price changes
of goods representing only a marginal part of the total expenditure, are likely to be
weak. In terms of calories, the 13 items contain some 90 per cent of the total calorie
intake, and in terms of expenditure, 85—90 per cent of the food expenditure including
coffee and tea.

Independent variables i.e. the price variables were formed to correspond as
closely as possible to the dependent variable in question. However, some price
series are to be regarded as proxy variables representing the average development of
the price of the commodity group as a whole. Thus, f.ex. the price of herring was
used to indicate the price development of all fish. For some commodity groups, f.ex.
cereals, a sub-price index was available. The monthly observations wete converted
into an annual basis by using an arithmetic mean.

The index of salary and wage earners’ earnings was used as the indicator of
consumer income.

The consumer price index 1967 = 100’ was used as the deflator. It was chained
backward to the cost of living index 1951 =100’ by applying the annual changes of
the latter. The index number for 1950 was obtained on the basis of the 1938/39 index.

To eliminate the shifts in the consumption level of potatoes and the effect of the
so-called margarine scandal (see section 2.2.) a dummy variable (see e.g. JOHNSTON
1963, p. 176—186) was applied in the demand function of these products.

The following is a list of the variables used. For their detailed source, see
Appendices 1 and 2.
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The dependent variables:

per capita consumption of cereals

Y; = —»— potatoes

Y; = —»— sugar

Y, = —»— vegetables

Yy = —»— fruits & berries
Yy = —»— beef & veal

Y, = —»— pork

Yg = —»— €ggs

Yy = —»— fish

Yo = —»— milk & milk products
Y= —»— cheese

Y= —p— butter

Y5 = —»— matgarine & oils
Y4 = —»— total calories

The independent variables:

X, = deflated retail price index of cereals & bread
X, = »  retail price of potatoes

X; = » —»— sugar

X, = »  retail price index of vegetables
X5 = » —»— fruits & berries
Xy = »  retail price of beef

X,; = » —»— pork

Xg = » —»— eggs

Xy = » —»— fish

Xio= » —»— liquid milk

Xy = » —»— cheese

Xip = » —»— butter

Xig= » —»— margarine

X4 = food price index
X5 = non-food price index
X, = index of salary and wage eatnets’ earnings.

The dummy variables:

D, = potatoes dummy, D; = 1 for 1950—60 and 1976—77, otherwise D; = 0.
D, = margarine dummy, D, = 1 for 1961—65, otherwise Dy = 0.

4.3. Functional form

The economic theory undetlying the problem to be studied usually provides
some indication of the approptiate functional form. Thus, in a demand analysis, the
functional form with respect to price variables is commonly assumed to be linear or
linear in logarithms. The functional form with respect to an income variable is more
problematic. A linear or logarithmic function is commonly used also in this case.
However, if the range of income is wider, other functional forms are likely to ensure
better fit (see GOREUX 1961, p. 1—13).

Initially, both linear and logarithmic demand functions were estimated in this
study. Using the statistical significance of the estimated regression coefficients and
the R3-value as criteria, it appeared that, with 2 few exceptions, the logarithmic

4 127902857L
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function produced better results. For that reason, the linear form was rejected and
all demand functions were estimated by applying a double-logarithmic function. The
range of the income variable was not thought to be sufficient to require other types
of functions in the estimation process. Moreover, some features of the double
logarithmic function support its use. These include ease of parameter estimation and
interpretation of the parameters as respective elasticities. In addition, the assumption
of a constant variance of the disturbance term is more valid in the case of a double
logarithmic function than in a linear function.



5. ESTIMATION OF DEMAND ELASTICITY MATRIX

5.1. Estimation methods

The method of ordinary least squates (OLS) was first used in estimating the
parameters of the demand functions. Even though this method is commonly known,
the basic assumptions of it will be dealt with briefly. This is because some of the
assumptions are later removed or altered. It was thought that the knowledge of
the OLS would provide the reader with better understanding of the modified esti-
mation methods that follow. All derivations and proofs will be omitted; for them,
the reader is asked to refer to literature indicated in the quotations.

In the OLS-method it is supposed that a linear relationship exists between a
dependent vatiable y and k explanatory variables x,, X,, ..., X, and a disturbance
term g. If we collect a sample of T observations on y and each x, we write the rela-
tionship compactly in matrix notation as:

(5.1.1) v = XB+e,

where f is an unknown vector of regression coeflicients. Our task is now to obtain
an estimate for the unknown vector of the regression coefficients f§ and 'the dis-
turbance term e.

Usually the following assumptions are made on X, y, f and &.

(i) X is a given Txk non-stochastic matrix,

(ii) y is an obsetved stochastic vector,

(iify B is an unknown non-stochastic vector,

(iv) & is an unknown stochastic vector,

(v) E(e) =0, in other words, the variable ¢ has zero expectation .value,

(vi) E(e¢’) = ¢®1, this assumption implies that the disturbance term has a
constant variance ¢? and its values are pairwise uncorrelated (absence of
autocorrelation), the property of a constant variance is referred to as
homoscedasticity,

(vii) the rank of X is k< T, i.e. no explanatory variable is a multiple of another
or an exact linear combination of several others (absence of multicollin-
earity),

(viii) e~N(0,0%1), i.e. this is the so-called normality assumption. It is not needed
for estimation but for the testing of estimated parameters.
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We can now apply the method of least squares to get the estimates for § and e. Let

(5.1.2) y = Xb+e

denote the empitical counterpart of (5.1.1.), where b is the estimated vector of re-
gression coeflicients and e the vector of estimated residuals, e = (y-Xb). The sum
of squared residuals is:

(5.1.3.) ee= Ze?

- After minimizing (5.1.3.), we get the least squates estimator for f, which is,
undex the assumptions (i)—(vii) the best, linear, unbiased estimator for §;

H

G14y b;(X’X)—IX’y.

The derivation of these results is presented in any econometric textbook, f ex.
GOLDBERGER 1964, p. 156—162.

The usual Student’s t-test was employed to test whether the estimated regression
coefficients differ .statistically significantly from zero. The significance levels used
are indicated as follows: . -

R sfatistically significant at the 0.90-level
ok » » »  0.95-level
Fokk » » »  0.99-level

Dutbin—Watson statistics (DURBIN and WATSON 1950) were used to
test the existence of autocorrelation (serial correlation) of the residuals (see assump-
tion (Vl)) which can be particularly troublesome in time series regression. In the
presence of autocorrelation, the formula of calculating the standard errors of the
regression coefficients is not valid, although the coefficients themselves are unbiased.
It is to be noted, however, that with respect to the power of the test, the Durbin—
Watson test is weak.

Sometimes economic theory suggests that the coefficients of a bchavioral rela-
tionship should meet some restrictions. With regard to the consumption theory,
the absence ‘of the money. illusion implies that the sum of all the price elasticities
and the income elasticity in 2 demand function should be equal to zero (the homo-
‘geneity condition, see Section 3.2.). :

 dn that case it has been proposed to use extraneous information coming from
outside the sample itself (GOLDBERGER 1964, p. 255). That is achieved when
estimating the demand functions by means of restricted least squares (RLS). The
method itself has been discussed in detail by GOLDBERGER (1964, p. 256—265).
When the regression coefficients are subject to certain linear restrictions, the model
is;said to.be restricted, whereas a normal model is said to be a free one. A linear
restriction on.ithe coefficients
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(515) - - rf=c . : S C e

where t' = [ty, ts, ..., 1,] is a vector and c is a given constant is handled in this

study in the way done by VALIAHO and PEKKONEN (1976 p. 20—21). In their

computer program, which was used in this study, the introduction of a linear.con-

straint is performed in the same way as that of an additional observation. Because

of their highly technical nature, the formulas used are not given here. The reader

is asked to refer to the presentation by Viliaho and Pekkonen. '
The validity of the hypothesis of the homogeneity 'condition

(5.1.6.) HyZB:=0

in the estimated restricted models was tested using the test quantity (SEARLE
1971, p. 112)

(g*—q)/=z

(.1.7) FH) = g1

where q* = the residual error sum of squares of the free model
T q —»— the same restricted model
z = the number of the linear constraints (in this study z =1).

Under the null hypothesis (5.1.6.) F(H)«~F, 1_. In other words, F(H) has a
F-distribution with the degrees of freedom of z and T-k. If F(H)>F, 1 H, is
rejected at a certain significance level. The significance level of F-values is denoted
as follows:

* statistically significant at the 0.95-level
* » » »  0.99-level
Hdok » » » 0.999-level

The RLS-method was used along with the OLS to test which elasticities change
and how much compared to the corresponding free model. Secondly, the hotmo-
geneity condition was supposed to hold and the number of the independent variables
was altered to get information on cross-elasticities not obtained by means of the
OLS-method.

5.2. Demand elasticities

First, the ordinary demand functions were estimated. The independent variables
wete initially selected on the basis of demand theory. Thus, 2 model having. the
own-ptice, the price of some obvious substitutes and complements and the income
factor as independent variables was considered as a basic model. It was estimated
first; then the basic model was completed by adding one price vatiable at a time
until a »good» model was reached. It goes without saying that this method of variable
selection is highly subjective. In addition, some statistical devices were used: the
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Table 5.2.1. Demand functions for 1950—77, estimated using the OLS-method, t-values in the

Cereals Potatoes Sugar Vegetables F}Z:‘:;Lf‘ Beef
CErEa18 sy povsea e —0.354% | —0.130 —0.467*** 0.116
(1.9) (0.9) (2.9) (0.3)
POLRtGES: cwnwisismnie o —0.007 0.109% —0.205
(0.1) (1.8) (1.0)
SUgAt o cwssaimsas o 0.113* 0.012 —0.125% 0.052 0.506%**
(1.9) (0.2) (1.9) (0.4) (4.5)
Wegetables: ..ovmvenanis o 0.074  |—0.039 —0.012 0.443%%*
(0.8) (0.5) (0.1) (2.4)
Fruits & befties .cvovi s —0.005 —0.063 —0.420%%*|  1,002%** —0.499
(0.0) (0.5) (3.5) (3.3) (1.6)
Bt < sovmmnssn e 0.004 —0.009 —0.461%%*
(0.0) (0.1) 3.7
POtk o oy weam 0.243 0.458*** 0.069
1.7 (4.0) (0.3)
BEPE. 5 somnnanvsvasvmss s 0.010
(0.0)
Bish: o vommmmmmsansnmass 0.105
(1.1)
Milk & milk products .... 0.265
(1.5)
OISR o em e answasmss
Butter .................. —0.247%* —0.145 0.197
(2.6) (1.3) (0.8)
Margarine & oils ........ 0.118% 0.223
(2.0) (1.7)
Income ................. —0.739%%*__(0.896%**| (.054 L1374k 1 237%6k 1 00F*%*
(4.8) (7.3) (0.067) (4.8) 6.0) 4.9)
Potatoes dummy ......... 0.197%***
(9.6)
Margarine dummy .......
B i om s o msenmasrm 0.976 0.980 0.804 0.700 0.965 0.967
< R — | 1.10 1.84 1.39 1.47 1.18 1.64

variables were selected on the basis of Durbin—Watson statistics, the Student’s
t-value, and the R2-value.

Apart from the entire study period, the demand functions were also estimated
for the periods 1950—63 and 1964—77 as a first approach to the detection of possible
changes in the parameters of the functions. The demand functions estimated using
the OLS-method are presented in Tables 5.2.1., 5.2.2. and 5.2.3.

Evalued in terms of the coefficient of multiple correlation (R?) and the Durbin—
Watson statistics (d), the functions for 1950—77 are satisfactory with the ex-
ception of butter. Since 1950, the consumption of butter in Finland has first risen.
After 1962, the trend in consumption has gone down. Accordingly, the low d- and
R2-values have been caused by the application of a wrong functional form. A function
other than the logarithic one would have obviously produced a better fit. Also,
in the case of pork and cheese, the respective d-values are low, giving an indication
of a missing explanatory variable or a wrong functional form.
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brackets, d = Durbin-Watson test quantity.

Pork Eggs Fish mli\]dﬁlirgcd_ Cheese Butter Ma;igi; &
0.432%* 0.481%** | —0.406%** | —0.178
(2.6) (3.2) (4.9) (0.7)
—0.290 —0.486 —0.087 0.821%*
(0.9) (1.4) 0.7) (2.5)
—0.458 0.448% 0.063
(1.3) (1.8) (0.2)
0.013 —0.075
(0.1) (0.5)
—0.304 —0.552%%*
(1.2) 3.7)
0.089 0.013
(1.0) (0.1)
0.188 —0.553%* 0.042
(0.8) (2.2) (0.1)
0.071 0.444%**
0.7 (3.9)
0.683** 1.019%* 0.138 0.233** 1.479%** | —0,234%* 0.485%**
(2.5) (7.8) (0.6) (2.1) (5.9) (2.5) (4.3)
—0.346***
(4.9)
0.963 0.903 0.778 0.882 0.944 0.292 0.764
0.85 1.29 1.36 1.61 0.91 0.31 1.25

The coefficients of a logarithic function can be interpreted as the corresponding
elasticities per se. Thus, we may conclude that a great many of the income elasticities
are statistically significant, most of them at the one per cent level. Only sugar and
fish did not yield statistically significant coefficients. Accordingly, the income elasticity
of these products is to be considered zero.

Most of the price elasticities are acceptable in terms of their sign and t-value.
Potatoes, eggs, cheese and margarine resulted in a positive price elasticity that is
inconsistent with the theory of consumer behavior. Of these, the elasticity for cheese
is to be considered zero because of its low t-value. The elasticity itself is very low,
too. One plausible explanation for the positive price elasticity of potatoes is that,
along with the improved quality and higher price of potatoes, the consumer demand
for potatoes has increased. Because of the introduction of the soft »icebox» margarines
(see Section 2.2.), a similar explanation is likely to be found for the elasticity of

margarine, too.
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Table 5.2.2, Demand functions for 1950—63, estimated using the OLS-method, t-values in the
Cereals Potatoes Sugar Vegetables Fbr:::n:c Beef
Cettals .o monmsmn s 0.132 | —0.546** 0.380 0.605
(0.3) (2.8) (1.5) (1.3)
POUEOER o o swmerans i 0.086 —0.055 0.255
(0.4) (0.5) (0.8)
] T IR ———— 0.063 —0.272%* | 0.315% |—0.649 0.658%*
(0.4) (3.1) (1.9) (1.4) (2.6)
Vegetables .............. —0.131 0.093 —0.607 0.418**
(0.5) 0.7) (1.4) (2.1)
Fruits & berries .......... 0.313 —0.339% 0.243 0.722% | —0.219
(1.0) (2.2) (1.3) (2.1) (0.6)
Beel oior coovminon s o 0.304 —0.055 0.011
(0.8) (0.3) 0.1)
Pork .................... 0.008 0.167 0.075
(0.0) (1.7) (0.4)
Egpgs ..., —0.137
0.6)
BN, e e e e 0.169
(1.5)
Milk & milk products . ... 0.335*
(2.2)
ChEREE! 1sos i tred oves
Butthlf ocimst i et 0.007 0.124 0.209
(0.0) 0.9) (0.6)
Margarine & oils ........ 0.055 0.650**
(0.7) (2.8)
HEOIS wuvanasenn selanes —0.236 | —0.509** 0.624** |—0.357 1.703***|  1,082***
(0.6) (3.5) (3.2) 0.7) (4.8) (5.7)
Potatoes dummy ......... —0.138%*+*
(6.1
Margarine dummy .......
RY clvsovsmmmiss s 45 0.869 0.970 0.920 0.723 0.969 0.973
W s SRR 1.43 215 2,08 1.92 0.88 2.83

Only a few of the estimated cross-price elasticities turned out to be statistically
significant. In addition, the sign of some of them was not in accordance with the
expectations.

In these functions and in the functions to follow, multicollinearity, i.e. the inter-
correlation among the independent variables (see Appendices 3,4 and 5), was not
considered high enough to have made the standard errors of the coefficients larger
than would be the case in the absence of it. Multicollinearity violates the assumption
(vii) on the independent variables. Recently, researchers have avoided establishing
criteria for »harmful» multicollinearity. VALENTINE (1969, p. 102) f.ex. points
out that the decision of a harmful level of multicollinearity depends on many factors,
some of them subjective to the investigator (see also FARRAR and GLAUBER
1967, p. 92—107).

In general, the demand functions for 1950—63 and 1964—77 (Tables 5.2.2. and
5.2.3.) are similar to that of 1950—77 with respect to their R?- and d- values. Only
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brackets, d = Durbin-Watson test quantity.

Pork Eggs Fish mﬁ]‘] :r::d. Cheese Butter Mn;igl; &
0.212 0.569** —0.254 0.246
(0.9) (2.8) (1.4) (0.6)
—0.176 —0.380 —0.090 0.350
(0.7) (1.5) (0.7) (1.0)
—0.380 0.472 —0.036
(1.4) (1.3) (0.1)
0.264** 0.044
(2.0) (0.3)
—0.059 —0.531**
(0.3) (2.9)
0.058 —0.479*
(0.5) (1.8)
1.038* —0.335 0.491
(2.7) (1.1) (1.3)
—0.186* 0.434%*x
(1.9) (3.5
0.327 1.275%*% | —(,176 0.284%* 3.008*** 0.772% 1.513%%
(1.4) (4.8) (0.9) (2.3) (5.8) (2.0) (2.8)
—0.466%**
(5.1)
0.869 0.685 0.705 0.681 0,923 0.586 0.875
2.85 1.70 1.80 2.65 1.80 1:15 1.91

in the case of fruits & berries for 1950—63 and eggs for 1964—77, is there some
evidence of positive autocorrelation (see the basic assumption vi in Section 5.1.)
between the residuals (a low d-values). Pork for 1964—77 indicates a slight negative
autocorrelation. As compared with 1950—77, the demand function for butter turned
out to be quite satisfactory for both periods.

Again, most of the income elasticities are statistically significant and acceptable.
But a greater number of the price and cross-elasticities for both periods are now
wrong in sign or they have a low t-value. One possible reason for that might be the
reduced number of observations, only 14 for each function. Possible elasticity changes
over time will be analyzed later on.

The homogeneity condition was taken into account in the next step of the esti-
mation process of the demand elasticity matrix. The functions presented above
were re-estimated using the RLS-method. The dummy variables and the intercepts
were, of course, excluded from the linear restriction. In the case of some products,
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Table 5.2.3. Demand functions for 1964—77, estimated using the OLS-method, t-values in the

Cereals Potatoes Sugar Vegetables F;::l:sk:c Beef
Cerlall v avasmammmey —0.567**  0.437% |—1.488 1.869%
(3.0) (2.1) (1.4) (1.8)
POAtEES incn sssivaarasasminss —0.008 0.162%** —0.063
(0.1) (3.6) (0.6)
SURAE: . ive vws wwwsniatamraase —0.004 0.009 |—0.154* |—0.058 0.168
(0.1) (0.2) (1.9) (0.6) (1.1)
Vegetables . covowomomn .« 0.025 0.008 0.272 0.311
(0.4) (0.1) (1.9) (1.2)
Fruits & berries .......... 0.284 —0.740** 0.259 —0.781 —0.765
(0.9) (2.9) (0.4) 1.7) (0.8)
BEEE ot sinimmmsnmssininedd —0.240%* 0.064 —0.490%*
(2.6) (0.6) (3.4)
PG vmvmimost sowossom scomibiiale 0.094 1.150%%* 0.490
(0.4) (5.0) (1.0)
BEOR . vimisnrn s e 0.271
(0.9)
L 55T SR - 0.043
(0.2)
Milk & milk products .... —0.009
(0.0)
CHEERE oniviimi umpisisme oSG
BUHEE oo s imenes 5 —0.298** —0.568 0.288
(3.4 (1.6) (1.1)
Margarine & oils ........ 0.293 0.192
(0.6) (0.7)
Income oo inamavite —0.340%* —1.151%** 0.010 1.170%%% 1,775%%x 1.009%*#
(3.1) (8.9) (0.1) (5.8) (6.9) (3.9)
Potatoes dummy ......... —0.175%**
(10.4)
Margarine dummy
B conininesninsassnaeses 0.995 0.999 0.853 0.984 0.971 0.908
R . 227 2.61 1.81 2.32 2.43 2.33

the number of independent variables was increased. For example, in the case of
sugar for 1950—77, the sum of elasticities equals —0.985 which suggests that sugar
has some substitutes. Similarly, in some functions the number of independent varia-
bles was decreased.

In this process, the F-value was used as a yardstick in evaluating the validity
of the model. The corresponding OLS-functions are not presented unless they
are the same as those in Tables 5.2.1., 5.2.2. and 5.2.3. The regression coeflicients
of the RLS-functions were not tested.

The restricted demand functions for 1950—77, 1950—63 and 1964—77 are pre-
sented in Tables 5.2.4., 5.2.5. and 5.2.6.

In general, the R*-values of the functions for 1950—77, obtained by using the
RLS-method, are of the same order of magnitude as those of the OLS-functions.
The R2-value of the butter demand function was improved. According to the F-test,
the hypothesis of the homogeneity of the demand function was rejected in the case of

35

brackets, d = Durbin-Watson test quantity.

Pork Eggs Fish mli\ill’;]:r:d. Cheese Butter Ma;igl; &
—0.011 —0.012 —0.308* | —0.260
(0.1) (0.0) (2.2) (1.1)
0.041 —0.947 0.397 0.527
(0.1) (1.0) (1.0) (1.3)
—0.745%* 0.022 0.295
(2.6) (0.1) (0.4)
0.071 0.299
(0.4) (0.8)
—0.459 0.555
(1.1) (1.2)
—0.295 0.889
(1.0) (1.8)
—0.154 —0.125 0.749
(0.6) (1.0) 1.7)
—(1).(3)35* —?.;00
1.331%** 0.588 k% 1:199%% —0.079 1:822%%% —(1.0)60*** (0.32)0**
(5.6) (5.2) (2.6) (0.4) (6.5) (10.9) (2.8)
—0.070
0.8
0.993 0.926 0.836 0.836 0.989 0.971 (0.8)97
3.00 0.89 2.09 1.41 2.45 1.85 294

seven products. In the functions for 1950—63, the homogeneity condition seems
to be consistent with the observations in eight products.

The R®-values of the RLS-functions for 1964—77 are changed only a
little. Here the homogeneity condition seems to hold in the case of nine
products.

It is easy to point out reasons why the hypothesis of the homogeneity condition
had to be rejected in respect to some products. These reasons include, along with
the data problems, changes over time in consumer preferences, changes in the pro-
ducts themselves and the introduction of entirely new products. Another plausible
supposition is that substitutes and complements of some food items in question
are to be found in goods other than food. The homogeneity condition has been
frequently rejected by several authors, as pointed out by BARTEN (1977, p. 27
and p. 45). According to Barten, it passes more easily for small systems and might
be more true in the long run than in the short run.
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Table 5.2.4. Demand functions for 1950—77, estimated by the RLS-method supposing the sum

homogeneity condition.

Cereals Potatoes Sugar Vegetables F;::i?c:c Beef
CetEdls v v 0.043 0.107 —0.238 —0.704
POtatoEs: wovsweris vaves 0.044 0.141 —0.176
SUEHE v s 0.217 0.083 —0.057 —0.008 0.361
Vegetables wovvawir s —0.053 —0.111 0.158 0.735
Fruits 8 betties .o swswn 0.218 0.106 —0.335 0.528 | —1.290
BEaE" o snammenu s 0.209 0.119 0.121 0.326 —0.669
PEHE e i wmde sammise 0.377 0.519 0.480 —1.327 0.004
B8 wnasunanesmsmvnnein —0.396
Bith. cosvaompressspontwssmds 0.068
Milk & milk products ‘ —0.092
CHEESE: v smmasn i
BUEE: o s s —0.202 —0.081 —0.109
Margarine & oils ........ 0.179  |—0.035
THCOME, wemsammvmimmcasmmmsi —0.853 —0.964 —0.069 0.647 0.898 1.085
Potatoes dummy ......... —0.209
Margarine dummy .......
R o imsumion sumssammncasmong 0.954 0.966 0.741 0.606 0.945 0.941
s [ 3,59 1.73 0.99 0.78 1.27 1.71
B (HY wssosesm oo s 6.72* \ 3.69 3.52 6.93% 7.92% 9.22*

Table 5.2.5. Demand functions for 1950—63, estimated by the RLS-method supposing the sum -

homogeneity condition.

Cereals Potatoes Sugar Vegetables F;:;S“& Beef
Cereals .................. —0.076 0.024 —0.185 —0.551
Potatoes ................ 0.154 0.269
Sugar ....eiiiiiiiaiiann, 0.028 —0.094 0.032 —0.689 0.095
Vegetables .............. —0.150 —0.627 0.323
Fruits & berries .......... 0.145 0.108 —0.203 0.685 —1.157
Beef vovviiiinniinnnnn. 0.118 0.343 —0.416
Pork ovvuviiinnnnnnnnns 0.018 0.184 0.270
Eggs ..ovvviniininnnnn.. —0.747
PR s sordoncsthsin rmsmmemen —0.201
Milk & milk products .... —0.227
CHERRe v i fiiamni s 0.386
BPutted Lecamendanany yr o 0.006 —0.013 0.172
Margarine & oils ........ 0.093 0.662
Income sommams it —0.239 —0.569 0.276 —0.472 1.290 0.935
Potatoes dummy ......... —0.155
Margarine dummy .......
B oo osie s R 0.734 0.741 0.740 0.479 0.912 0.922
d oo R 1.06 2.35 1.28 1.86 1.21 2.86
B v onres i e 0.11 9.50* 6.97% 0.07 7.80% 0.12

The elasticity matrices for the three time periods were then formed based on the
results of the OLS- and RLS-functions and on the relationships between two cross-
clasticities (Formulas 3.3.10. and 3.3.11.). These formulas were applied only in
cases where the calculation of an additional cross-elasticity could be based on a
statistically significant elasticity. If a price elasticity did not give a meaningful result
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of the elasticities equals zero, d = Durbin-Watson test guantity, F(H) = test quantity of testing

Milk & |

Pork Eggs Fish milk prod. l Cheese Butter Ma;igl; %
—0.003 0.483 —1.242 0.952 —1.152
0.416 0.470 | —0.796
—0.292 —0.458 | 0023
—0.492 —0.515 —0.025
0.010 —0.083 |
—0.329 —0.373 !
0.143 1 —0.082
—0.150 —0.431 —0.132
‘ —0.030 0.488
0.687 0.518 0.096 —0.254 2.247 —0.491 0.796
—0.250
0.955 0.828 0.738 0.720 0.889 0.543 0.789
0.90 0.99 1.39 1.14 i 1.15 0.47 1.49
0.03 18.85%%* 0.10 6:27* | “1512%%% 0.18 0.63

of the elasticities equals zero, d = Durbin-Watson test quantity, F(H) = test quantity of testing

Pork Eggs Fish m?]{f;;kd. Cheese Butter M:ﬁ; &
—0.293 —1.101 —0.865
|
0.132 0.561 0.036 —0.798
—0.180 —0.371 0.074 | 0.480
—0.440 —0.517 —0.050 ;
0.281 0.046 1
—0.117 —0.243 |
—0.040 | 0.084
| —0.409 —0.449 —0.304
| —0.181 0.498
0.324 0.810 —0.186 0.173 1.744 0.630 0.671
| —0.336
0.781 0.310 0.572 0.333 | 0.375 0.503 0.707
.57 1.15 1.79 219 1.11 1.23 1.35
0.23 0.77 0.01 3.59 ! 34,7 5%4% 0.18 5.47*

(a negative sign), it was set to zero. The matrices are presented in Tables 5.2.7.,
5.2.8. and 5.2.9. In the following text, the results are analyzed food item by food item.

Cereals; the income elasticity and the cross-price elasticity with respect to butter
of the OLS- and RLS-functions for 1950—77 are quite consistent. The RLS-function
would suggest a price elasticity close to zero instead of the —0.35 obtained when
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Table 5.2.6. Demand functions for 1964—77, estimated by the RLS-method supposing the sum

homogeneity condition.

Cereals Potatoes Sugar Vegetables Fbr:::ai,::l Beef
Cereals .................. 0.204 0.122 | —1.430 —0.022
POTATORS! ovcwiomininimnis srnsssase 0.056 0.079 0.008
Sugar ....iiiaiiiiiie . 0.107 |—0.030 |—0.121 0.179
Vegetables .............. —0.130 0.491 1.018
Fruits & berries .......... —0.080 |—1.520 |—2.181
Beef ...ovvviivinnnnnnnn. 0.116 0.176 —0.616
Pork ......oviinnnnnt 0.503 0.715 1.179 0.243
Eggs ..ooviiiiiiiinnan —0.117
Fish ..oooovviiiinninnn., 0.078
Milk & milk products .... —0.436
Cheese ......cvvvvvunnn.. —0.217
Butter .................. —0.184 —0.357 0.304
Margarine & oils ........ 0.619 0.009
Income ................. —0.579  |—1.009 |—0.077 0.829 1.006 1.065
Potatoes dummy ......... —0.188
Margarine dummy .......
BE o s tim b sy 0.900 0.992 0.892 0.948 0.886 0.771
e NI 1.70 1.64 1.92 221 1.92 2.29
BOHD: sinessis nad s immmms 9.31* 0.07 532 4.68 13.91** 213
Table 5.2.7. Elasticity matrix for 1950—77 1),

Cereals Potatoes Sugar Vegetables th::.:cf‘ Beef
Ceredls s ivnnnoea —0.35% (0.11)  |—0.47***
Polatoes vuwsis camsmeicas (0.04) 0.00 —0.21
SUESE wwepmaus svessEe 0.11* (0.08) |[—0.13 0.51%%*
Vegetablés owvaipiniais 0.07 (—0.11) —0.01 0.44%%%
Fruits & betties .iovesians (0.22) (0.11)  [—0.42%%*  1,00%** |—0.50
BEEE ooy sty s o (0.21) (0.12) (0.12) —0.46%**
PEEK swrsninnrarsmsa s s s i 0.24 0.46%**| (0.48) 0.07
HEpR sy 0.01
1] 0.11
Milk & milk products .... 0.27
CHEERE uorvrsvosnsminmsigrasiats
BUIBE v nmzami —0.25**
Margarine & oils ........ 0.12*
THEDIIE wrcvnn amsrioniasecaizes —O0.74**% | —0.90*** 0.00 1148k | 1.24%%% | ] Q0***

1) The elasticities without any brackets are obtained using the OLS-method, the stars refer
elasticities in squarebrackets are calculated using the relationships between two cross-elasticities

using the OLS-method. Given the negative income, price and cross-price elasticity
with respect to butter, the homogeneity condition would suggest some substitutes
for cereals. Of these only sugar has a significant coefficient. Because the OLS-function
for 1950—63 did not result in any significant elasticity, it is difficult to draw con-
clusions about possible elasticity changes from the early period to the later one.
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of the elasticities equals zero, d = Durbin-Watson test quantity, F(H) = test quantity of testing

i Marg. &
Pork Eggs Fish mli\;!;] : ::d. Cheese Butter a;ﬁa
—0.196 —0.447
—0.029 0.037 —0.074 —0.380
—0.049 —1.181 0.056 —1.282
—0.795 —0.236 —0.075
0.086 0.276
—0.589 0.303
0.013 0.304 —0.226
—0.411 —0.217 —0.249 0.652
0.088 0.697 —0.841
1.363 0.432 0.943 —0.266 2.105 —0.448 0.636
—0.078
0.987 0.896 0.732 0.815 0.923 0.786 0.824
2.39 1.04 2,29 1.24 1.81 0.97 2.43
0.14 1.93 1.03 0.01 29, 16%** 52.58x%* 1.41
i Marg. &
Pork Eggs Fish mlﬁll?:r:‘d. Cheese Butter ;ﬁs
(—0.00) (—1.24) [—0.42] (—1.15)
[0.11]
0.43** 0.48%x* (—0.80)
—0.29
(—0.52) 0.06
0.01 0.08
—(.55%**
0.09 0.00
(—0.15) —0.55%%* 0.04
0.07 0.00
0.68%* (0.52) 0.14 0.23%% 1.48%** —0.23%* 0.49%%*

to the significance of the t-test. The elasticities in brackets are based on the RLS-functions. The
(Formulas 3.3.10. and 3.3.11.).

However, it seems evident that the number of substitutes has decreased. Some
of them (potatoes and vegetables) are likely to be very small.

Previous studies have usually resulted in a positive income elasticity for cereals.
For example MARJOMAA (1969, p. 44) obtained an elasticity of 0.2 ... 0.4 for
1948—65. When the time period was expanded to 1948—69, an income elasticity
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Table 5.2.8. Elasticity matrix for 1950—63 1),

41

Cereals Potatoes Sugar Vegetables F‘;:::::; Beef
Getealdi vanesn sawassmiass (—0.08) | —0.55%x* 0.38" 0.61
POtAtOEE wianims cummmansio 0.09 —0.06 0.26
SURAE wu oo oo s v 0.06 —0.27%%* 0.00 0.66**
Vepetables .oovunaneana 0.09 —0.61 0.42%*
Fruits & berfies .. .ovivuns 0.31 (0.11) 0.24 0.72 —0.22
BEEE cosniminesanaemadahis 0.30 (0.34) (—0.42)
BOEE oo osmislains sntimes 0.01 (0.18) (0.27)
BRES covame wwmesi s i 0.14
BiSh - onmppas vapimass e 0.17
Milk & milk products .... 0.34*
CREERE: . srnsicnmn snsinavsensavsianade (0.39)
BUEE s sstanesmsen 0.01 0.12 0.21
Margarine & oils ........ 0.06 0.65%*
THEBTIG 50 covwmnmonssis stusinsmoays —0.24 | —0.51%% 0.62%* | —0.36 | 1.70%** 1.08+**

1) See footnote in Table 5.2.7.

Table 5.2.9. Elasticity matrix for 1964—771).

Cereals Potatoes Sugar Vegetables F}::::c:c Beef
GBS vsisronin snsrpmis o —0.57%* 0.44% —1.49 1.87*
POEIGeE: o (0.06) 0.00
BUBHE & s ohssnumniams s wa 0.01 —0.15* 0.17
Vegetables: .oooinuaa v 0.03 0.01 0.00 0.31
Pinits & Befries .o ov v 0.28 0.26 —0.78 —0.77
Beel: .. cvammeinessive ovis 0.06 (0.18) —0.49%+
PORIE o cammmersmsmman w (0.50) 1.15%%%  (1.18) 0.49
BEDE s 5o Tavios 0.27
FASHY poononmmaisaimymarin s 0.04
Milk & milk products
UCHEBREY, oo, cmrvmsosussassnans sisuess
BUtter: oo vammmmns s —0.30%* 0.29
Margatine & oils ........ 0.29 0.19
IDCOME .vvionimopmmionn win wimis —0.34%* | —1.15%%* 0.01 LA7%%x 1.78%xx 1.01%*%*

1) See footnote in Table 5.2.7.

of —0.004 was obtained (HAMALAINEN 1973, p. 66). The cross-section studies
of the 1950’s and 1960’s indicate that the income elasticity varies between 0.59 and
0.74 (see HAMALAINEN 1973, p. 73). IHAMUOTILA (1972 p. 45) obtained
from time series data an income elasticity of —0.3 for 1951—63 and —0.7 for 1958—
70. The price elasticities varied respectively between —0.1 ... —0.2 and —0.2 . ..
—0.3.

Although the results mentioned above are not fully comparable to those obtained
in this study, we may, however, conclude that, with the exception of those by Tha-

i Marg, &
Pork Eges Fish mli\llﬁl;,':d_ | Cheese | Butter A
| | ,
(—0.29) | ‘ (—0.87)
\ i ' ‘
|
I T
0.21 0.57%* (0.04) 0.25 .
—0.18 [0.68] (0.07) 0.35 |
~0.38 (—0.52) |
0.26%* 0.00
—0.06 —0.53%* | |
| 0.06 —0.48% [0.13]
| 1.04* —0.34 0.49
| —019% | 0.00
033 | 128 | —018 |  0.28%* 3.01%%% | 0.77* 1.51%%
Milk & l | [ Marg. &
Pork Eggs Fish milk prod. Cheese Butter l oils
\ |
(—0.20) * | [—0.69] |
[0.18] | .
‘ !
. | ‘
(—0.03) | (0.04) ‘ ‘ .
(—0.05) | |
—0.75% | (—0.24) 0.30 1 | ;
0.07 0.00 | ‘ .
—0.46 0.00 w |
(0.30) | (—0.23) 1
| —o0.13 0.75
| | [0.23] —0.70
1.33%* 0.59%** 1,20%* —0.08 |  1.82%x% | —1.06%%* = 0.B0**

muotila, they are generally different. Further, it is to be noted that no attempt has
been made in the previous studies to estimate cross-price elasticities.

Potatoes resulted in a negative price elasticity only for 1950—63. In the other
elasticity matrices, it was set at zero. However, because the quality of potatoes
has in recent years improved coupled with a higher price, a positive price elasticity
is not ruled out. A comparison between the results for 1950—63 and 1964—77
would suggest that potatoes now have fewer substitutes. At the same time, they
have become stronger.

6 127902857L



42

According to AALTONEN (1976, p. 31), potatoes would have a zero price
elasticity or a slightly negative one. The income elasticity obtained by Aaltonen
varies between —0.52 and —0.69. In his study, rice turned out to be a substitute
for potatoes. These results are based on time-series data for 1952—72. The income
elasticity derived by MARJOMAA (1969, p. 73) is —0.4 ... —0.5.

Sugar has evidently a small price elasticity. During the study period, the income
elasticity is likely to have diminished. Because sugar is widely used as an ingredient
in bakery products and as a conservation agent in berries and fruits, the negative
elasticities with respect to cereals and fruits & berties are obvious even though
the elasticities change in the sub-periods. No definite substitutes wete found for
sugar. Margarine & oils are likely ones but they did not show a statistically significant
coefficient for the sub-periods. According to MARJOMAA (1969, p. 83), the
income elasticity of sugar would be zero in 1948—65. The cross-series studies under-
taken in the 1950’s and 1960’s (see HAMALAINEN 1973, p. 73) show, on the contra-
ry, rather high positive income elasticities (0.67 ... 0.87). Similarly, the income
elasticity obtained by HAMALAINEN (1973, p. 66) for 1948—68 is rather high,
0.72.

Vegetables; on the whole, the clasticities for vegetables turned out to be unstable.
The heterogeneity of the food item group may be one reason for that. In addition,
some new products or old products in new form (f.ex. frozen vegetables) were in-
troduced during the study period. In any event, it is likely that the income elasticity
of vegetables is relatively high.

Previous studies suggest that the income elasticity of vegetables, including
fruits and berties, is 0.60 ... 0.93 (MARJOMAA 1969, p. 71 and HAMALAINEN
1973, p. 73).

Fruits & berries; although this group has similar data problems as vegetables,
the results are more definite. Fruits and berries show a rather high income and price
elasticity. Sugar, vegetables and later on cereals are the likely substitutes.

As for previous studies, see the text in connection with vegetables.

Beef; the price and income elasticity of beef seems to be rather stable. The results
from the sub-periods suggest that pork and eggs have become stronget substitutes.
On the other hand, fish, milk & milk products and cheese have lost their importance
as substitutes.

The results by KETTUNEN (1968, p. 83) for 1956—65 are in keeping with
those of the present study. Kettunen obtained.an income elasticity of 1.47 and a
price elasticity of —0.59. The cross-clasticity with respect to the price of pork turned
" out to be zero. The results from monthly data for 1963—70 by POLKKI (1971,
p- 78) are somewhat different with regard to the price elasticity (0.26). Generally,
the income and cross-price elasticities with respect to pork are of the same order
of magnitude as those obtained in this study.

Because no distinction was made between beef and pork in the studies by Matjo-
maa and Himildinen, the results of their studies are not comparable.
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Pork; according to Table 5.2.7., pork is less price- and income-elastic than beef.
At the same time, it is to be noted that over time, pork has become more income-
elastic and less price-elastic (Tables 5.2.8. and 5.2.9.). It seems evident that beef
is a substitute for pork, but it has lost its importance in that respect. Fish shows
the same kind of evidence. The rather high negative elasticities with respect to eggs
and milk are difficult to interpret.

In the study mentioned above, KETTUNEN (1968, p. 82—83) obtained a higher
price elasticity (—0.44) for pork but a lower income elasticity (0.24). Kettunen’s
cross-elasticity with respect to beef is 0.21. The income elasticity of pork by POLKKI
(1971, p. 78) is also low (0.14). The price elasticity (—0.36) and the cross-elasticity
of beef (0.65) are both higher than those obtained in this study.

Eggs; turned out to be a problematic food item in this study. With the use of
the DLS-method, it was possible to get a meaningful coefficient only for the income
variable. Taking into account the marginal proportion of eggs in the total of con-
sumer expenditure (less than one per cent, see Table 1.1.1.) it is evident that consumer
response to price changes is weak. In addition, it is to be borne in mind that in recent
years, more eggs have been consumed in the form of bakery products (see Section
2.2.). The negative coeflicient of the cereal price variable, obtained by using the
RLS-method, is consistent with that idea. When using the RLS-method, the egg
price variable also resulted in an acceptable elasticity.

The previous studies by MARJOMAA (1969, p. 59) and HAMALAINEN
(1973, p. 66) showed an income elasticity of 0.4 ... 0.5 for eggs. The income elasti-
cities based on cross-section data are somewhat higher, 0.65 . . . 0.86 (see HAMALAI-
NEN 1973, p. 73) In addition to eggs, the dependent variable of all these studies
includes milk and cheese. In a recent study, NEVALA (1976, p. 471) obtained,
from semiannual data for 1956—70, a price elasticity of —0.60 and an income elasti-
city of 0.37 for eggs.

Fish; no price elasticity different from zeto was obtained for fish. These ate
some obvious reasons for that. First, the expenditure share of fish is a marginal
one (see Table 1.1.1.). Second, part of fish is consumed directly without going through
the market mechanism. It is to be noted that the income elasticity of fish vaties
considerably. Beef and pork show evidence of being substitutes for fish, particularly
in the early period.

The previous time-series analyses show a low income elasticity for fish, 0.1... 0.3
(MARJOMAA 1969, p. 57 and HAMALAINEN 1973, p. 66) while the cross-
section studies have resulted in higher elasticities, 0.65 . . . 0.89 (see HAMALAINEN
1973, p. 73).

Milk & milk products; consumer behavior with respect to these products is likely
to have changed. Based on Tables 5.2.8. and 5.2.9., milk & milk produsts have
become less price- and income-elastic. No substitutes or complements were found,

KALLIO (1974, p. 57 and 60) found milk to be price-inelastic, while cream has
a high price elasticity (—1.22). Milk resulted in an income elasticity of —0.54 ...
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—0.61. These results are based on time-series data from 1961—72. As to the previous
studies, see also the text relating to eggs.

Cheese turned out to be another problematic food item. A reliable price elasticity
was obtained only for the early period. The results would suggest that beef and
pork (evidently in the form of sausage) have previously been substitutes for cheese
but not any more. The high income elasticity of cheese probably also includes the
impact of non-economic factors. These factors are likely to be connected with the
way of living and with the social life of consumers as cheeses are becoming popular
at parties and convenient snacks in everyday life. The high income elasticity would
suggest that cheese has some complements, but these are likely to be found in pro-
ducts other than food.

The previous studies have resulted in lower income elasticities. KETTUNEN
(1971, p. 49) obtained, from quarterly data for 1954—59, an income elasticity of
0.50 and a price elasticity of —0.75. According to KALLIO (1974, p. 55), the income
elasticity of cheese varied between 1.12 and 1.20 in 1955—72. See also the text in
connection with eggs.

Butter demand has undergone considerable changes. It looks like butter has become
an inferior food item. The results do not suggest evidence that butter is a substitute
for margarine. Obviously the price elasticity of butter is rather low.

KETTUNEN (1971, p. 31) estimated from quarterly data for 1954—60 an income
elasticity of 0.38 and a price elasticity of —0.61 for butter. Notr did butter turn out
to be a substitute for margarine in this study. KALLIO (1974, p. 53) obtained a
high price elasticity for butter (—0.63 . .. —0.90), but an income elasticity of around
zero (—0.11 ... 0.15). In the above-mentioned studies by Marjomaa and Himi-
liinen, all fats are treated as one item. Accordingly, they ate not comparable to the
results of this study.

Margarine; because of the introduction of so-called icebox margarine (see Section
2.2.), it is apparent that consumer demand for margarine has changed. These changes
are reflected, in particular, in a higher price elasticity. According to the results,
margarine is a substitute for butter, which is quite obvious when we take into account
the recent upward trend of margarine consumption.

Also in the study by KETTUNEN (1971, p. 40), margarine turned out to be
a rather strong substitute for butter (with a cross- elasticity of 0.95). According to
Kettunen, the price and income elasticity of margarine is only —0.04 and 0.03 res-
pectively. His study covers the years 1954—G60.

In summary, we may conclude that with respect to the income elasticities, the
results are in general satisfactory. Of the ptice elasticities, only a part of them gave
reliable and consistent (negative) estimates. It was possible to obtain a cross-price
elasticity only in a very few cases. On the other hand, it is probable that quite a
large number of them are rather small.

The reasons for the failure to obtain an estimate and, in particular, a reliable
estimate only for a small part of the elasticities of the demand matrix lie in the rigid
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price structure (see Section 2.3.) and in the relative unimportance of some food
items in the consumers’ total expenditure (see Table 1.1.1.). It is likely that quite
a few of the price variables were potential so that their influence upon the dependent
variable could not be estimated, because they remained constant or their variation
was small during the obsetvation petiod. A potential variable may-become factual
in the course of time if it shows sufficient variation and can accordingly have an
influence upon the independent variable. For the exact definition of these concepts,
see HAAVELMO (1944, p. 26). The reader is also asked to refer to TERASVIRTA
(1970, p. 8—9). In a demand analysis, such as this one, it can conceivably be assumed
that the prices of some substitutes or complements have not always varied enough
to have had a factual influence upon demand for the commodity in question. As
noted before, there has been a tendency, for institutional and other reasons to maintain
the prices of some food items as stable as possible.

Only in the case of some products was it possible to notice changes in the demand
elasticities over time. :

5.3. Dynamic demand functions

All the demand functions presented above are static in nature. Hence, the approach
taken thus far is usually called comparative statics. It deals by no means with the
adjustment process through which consumers move from one equilibrium to another
when f.ex. the prices of commodities change. Obviously, however, there is a time
lag while consumers change the quantities demanded to correspond to the new
ptice ratios. Some possible explanations for the time lags are: some consumers
buy on the basis of habit, it takes some time before all consumers become aware
of the price changes, some goods may be such as require complementary commodities
or they must be used up before a new one is purchased. Because individual consu-
mets react to price changes in different ways and with varying time lags, it is reasonable
to think that the complete adjustment should be spread out over the whole period
in which the adjustment takes place.

Because it is probable that these factors have had an impact on the behavior of
consumers, the adjustment process was studied by means of distributed- lag functions.

~Since the early 1950’s, demand functions based on distributed lags have been
developed for measuring the adjustment process. The first application was by KOYCK
(1954) to investment functions. Subsequently, NERLOVE (19582, p. 45—65 and
1958b, p. 301—311) is to be mentioned as one of the persons developing further
the idea of distributed lags. '

As a starting point, Nerlove uses the functions:

(5.3.1) 4 = ag+ay pe

(5.3.2) Qe = P(d—de-1)s
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Table 5.3.1. Distributed-lag models for 1950—77, t-values in the brackets.

Cereals Potatoes Sugar Vegetables F;z::c:‘ Beef
Cergals . oovivnnnnnni ammeas —0.234 | —0.088 [ —0.472%** 0.005
(1.5) (0.6) 3.2) (0.0)
POLatosE ...ommmmie v o smains 0.014 0.114* —0.204
(0.2) (1.8) (1.0)
SUGAE rwesimonsimimmme s 0.142** | 0,028 |—0.107* 0.056 0.446%**
(2.8) (0.5) (1.8) (0.4) (4.3)
Vepctabler wopvisesiaomens 0.072 |—0.039 —0.001 0,484 %%
(1.0) (0.5) (0.0) (2.9)
Fruits & berries .......... 0.005 |—0.043 | —0.424*** 0,970%** —0.529*
(0.1) (0.4) (4.0) (3.0) (1.9)
Beeb soioiiiimeast o 0.168 0.050 —0.574%%*
(1.3) (0.4) (4.0)
Botk o ssmssssnina s 0.167 0.430%** 0.087
(1.4) {3.7) (0.4)
Egpsi i sumesseaisrany s —0.023
(0.1)
Bigh socsssssmemimmasi 0.182
‘ (1.7)
Milk & milk products .... ; 0.161
(0.9)
Cheese: i cuavissanaiTen
Butter cvovamsemmamivasy o —0.207** —0.081 0.224
(2.6) (0.8) (0.8)
Margarine & oils ........ 0.097* 0.211
(1.8) (1.5)
TBEGME! wuwarrewsssmonia-aie —0.886%**|—0.944%**  0.029 1.102%*%  1,066*%** 1, 187%**
(6.4) (7.1) (0.5) (4.3) (5.8) (5.1)
Potatoes dummy ......... —0.201***
(9.6)
Margarine dummy .......
Dependent variable,_; ... .. 0.024***  0.008 0.032%* | 0.016 0.075*%* |—0.038
(3.0) (0.9) (2.4) (0.4) (2.4) (1.5)
RY s covpopu misreiasansn siompsiwmuess 0.984 0.981 0.848 0.703 0.973 0.970

were q, denotes the equilibrium in the long run and y is the coefficient of adjustment.
Formula (5.3.1.) indicates simply that the long-term equilibrium quantity is a function
of the price p,. According to (5.3.2.), a change in the quantity demanded is a
certain proportion of the difference between q; and the quantity of the previous
period. If y = 1, we have an immediate adjustment. If y = 0, there is no adjustment
at all. Usually it is supposed that O<y<1.

Because the long-run equilibrium (q}) is not known, the functions (5.3.1.) and
(5.3.2.) cannot be estimated from empirical data. By inserting q; from (5.3.1.) to
(5.3.2.), we get:

(5.3.3) q =¥ @ty a3 pet+(1—7) qe-y.

If we denote, ya, = fo, ya, = f, and (1-y) = f,, (5.3.3.) has the form:
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Pork Eggs Fish mli\l{I:I:rgld. Cheese Butter M‘Jﬁ; e
0.409** 0.436%** | —0.376%** | —0.042
(2.1) 2.9 (3.7) 0.2)
—0.293 —0.409 —0.088 0.651%%%
0.9) (1.2) 0.7) (3.0)
—0.464 0.271 0.026 0.026
(1.3) (1:.2) (0.1) (0.3)
0.028 —0.003
(0.2) (0.0)
—0.335 —0.521 %**
(1.2) (3.2)
0.086 —0.211
(0.9) (1.2)
0.085 —0.449* 0.210
(0.5) (1.8) (0.8)
f 0.048 0.320%**
(0.5) (3.2)
0.728** 0. 795%%# 0.211 0.196 0.812%** | _(,260%** 0.339 b
(2.2) (5.8) (0.9) (1.5) (4.0) (2.9) (3.3)
—0.289***
(4.7)
—0.009 0.107*** | —0.043 0.003 0.412%%* 0.072 0.200%**
(0.2) (2.9) (1.2) (0.5) (5.5) 1.7) (3.3)
0.963 0.928 0.792 0.883 0.977 0.373 0.842
(5.3.4.) q. = Bo+fipectPadi

The parameters f,, f, and f, can now be estimated using f.ex. the method of
least squares. The magnitude of the coefficient of adjustment is obtained from the
formula: y = 1-8,.

Distributed-lag models are usually interpreted in such a way that the function
(5.3.4.) indicates consumer reactions in the short run. If we have a logarithmic func-
tion, the parameter f, itself is the price elasticity. The respective long-run elasticity
is obtained by dividing 8, by y. Because 0<y < 1, the long-run elasticities are
higher than the corresponding short-run elasticities. In other words, consumers
react more strongly to price changes in the long run than in the short run. The
same thing may be expressed in another way: there is a certain time lag before con-
sumer reactions are fully realized.
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Table 5.3.2. Distributed-lag models for 1950—63, t-values in the brackets.

Cereals Potatoes Sugar Vegetables 1';:::.::: Beef
[
Gereal®l: wvmminamsanusin 0.279  |—0.701*%* | 0.338* 0.648
(0.8) (3.5) (2.1) (1.6)
POtators: = vasmiemsmins e 0.161 —0.145 0.245
(0.8) (1.3) 1:3)
BB oo o aie 0.160  |—0.402%* 0.285** |—0.309 0.734*%*
(1.1) (3.6) (2.7) (1.1) (3.5)
Viegetablen, i swmdmm s —0.137 0.112 1—0.242 0.600**
(0.6) (1.0) (0.9) (3.2)
Fruits & berries .......... 0.291 —0.414* 0.165 0.312 —0.413
(1.1) (2.9) (1.3) (1.4) (1.3)
BEel. o b s 0.453 —0.149 | —0.191
(1.3) (0.9) | (0.8)
POrk 1. i et e 0.083 0.109 | 0.069
(0.4) (1.2) | (0.3)
HPRE  voiiiiiumems v j —0.160
(0.7)
Figh' cooiaimniaus bememess —0.079
(0.6)
Milk & milk products .. .. 0.199
(1.1)
CREERE wiinwmniie s
BUOHEE uomnsmnvetnsimg s —0.057 0.103 0.113
(0.3) (1.2) (0.6)
Margarine & oils ........ 0.078 0.519%*
(1.6) (3.6)
Ireame: e ssaiakvng —0.689 —0.163 0.293 |—1.363** | 0.867* 1,268%**
(1.6) (0.6) (1.8) G (1.8) (5.4)
Potatoes dummy ......... —0.104**
(3.6)
Margarine dummy ....... |
Dependent variable,_y ... .. 0.019 —0.014 0.030** | 0.094%* | 0.070¢ |—0.029
(1.6) (1.6) (3.3) (3.5) (2.1) (1.3)
Bl Msmsn v tse 0.929 0.984 0.971 0919 | 0.981 0.979

The examination of distributed-lag models in this study is based on static price
expectations. It is to be mentioned that there are a number of different versions of
distributed-lag models other than static.

The distributed-lag models of the original functions (Tables 5.2.1., 5.2.2. and
5.2.3.) are presented in Tables 5.3.1.,, 5.3.2. and 5.3.3. In general, the elasticities of
these functions are of the same order of magnitude as those of the original function.

In the functions for 1950—77, the coefficients of the lagged dependent variable
are, with the exception of eggs, cheese and margarine & oils, very close to zero.
Accordingly, the coefficient of adjustment does not differ very much from one.
So, we may conclude that consumer reactions to price changes are fully realized
within a year. Because a year is quite a long time, this result is consistent with the
expections. The reasons why cheese and margarine & oils did not produce satisfactory
results are likely to be found in the changing consumption patterns of these products.
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i . &
Pork Eges Fish m?li;:l:rg‘d. Cheese Butter M‘Drﬁ!
| |
I 1
|
—0.115 0.456* | —0.227 0.259
(0.4) (2.3) | (1.1) (0.8)
—0.208 —0.290 —0.086 0.574*
(0.9) 1.2) | (0.7) (1.9)
—-0.401 0.352 —0.081
(1.6) (1.0) (0.3) |
0.413%#+ 0.135 |
(2.6) (0.9)
—0.288 —0.504*
(1.2) . (2.3)
0.057 —0.319
(0.5) (1.4)
0.375 —0.285 0.478
(0.9) (1.0) (1.7)
—0.244%%k 0.455%%*
(2.4) 4.7
0.598* 0.886%* | —(.111 0.246 1.589* 1,234%* 0.404
(2.1) (2.3) (0.6) (1.3) (2.0) (2.5) 0.7
—0.312%**
(3.4)
—0.042 0.090 —0.036 0.002 0.275* —0.061 0.174%*
(1.5) (1.4) (1.6) (0.3) (2.2) (1.4) (2.6)
0.903 0.737 0.782 0.684 0.954 0.657 0.934

The results for 1950—63 are similar to those for the whole period. In the later
period, a greater number of products resulted in a notably smaller coefficient of
adjustment than one. However, it is premature to draw the conclusion that consumer
reactions have become slower. In addition, it is to be noted that in many cases, the
coefficient of the lagged dependent variable turned out to be, contrary to expectations,

negative.
5.4. Demand for food as a whole

To complete the picture of consumer demand for food in Finland, demand
functions for food as a whole were also run. The dependent variable in these functions
was the total calorie consumption/day/capita. It was explained by the food price
index, the non-food price index and the wage & salary index. A logarithmic func-
tional form was used also in this case. The results are presented in Table 5.4.1.
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Table 5.3.3. Distributed-lag models for 1964—77, t-values in the brackets.
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Cereals Potatoes Sugar Vegetables Fé:::c;& Beef
Ceteall voun v —0.571* 0.549*% | 3 023%*x* 0.597
(2.3) 3.2) (3.4) 0.4)
POEREER wuvvmsnpsivinss —0.007 0.134** —0.075
(0.1) (3.6) (0.6)
BUREE wovvrenyerns s —0.003 0.042  [—0.269*%*—0.038 0.095
(0.0) (0.9) 3.9 (0.3) (0.6)
Veégetables wonvuvvmisans 0.024 0.004 0.273 0.277
. ) (0.3) (0.1) (1.8) (1:1)
Fruits & betties ...cuvowi . 0.286  |—0.725%%* 0.668 |—0.792 |—0.578
(0.8) (3.8) (1.5) (1.5) (0.6)
G L —0.244 0.157 —0.552%*
(1.6) 1.7) (3.4)
Batl uvincinammvanvs o 0.095 1.010%%* 0.625
(0.3) (5.4) (1.2)
EEPR womsmmemnsunasi g 0.159
_ ©:5)
Bish. oo amsneamsi e s 0.077
0.4
Milk & milk products .. .. (0.0)60
0.1
CHEERE: oovvvnmmmammmersmsine ot b
555 7 R S — 0.300%* 1.301%% | 0.343
] (2.5) 3.7) (1.0)
Margarine & oils ........ 0.535 0.176
(1.5) (0.6)
JOcome .ovrvnrerennsens —0.345  [—1.112%%% (0,103 1.283% 1.038 1.090%%*x*
(1.7) (11.1) (0.7) (2.5) (1.4) (3.9)
Potatoes dummy ,........ —0.165%**
(12.0)
Margarine dummy .......
Dependent variable, ; ... .. —0.016 0.107  |—1.148** |—0.090 0.407 |—0.211
\ (0.0) (2.0) (3.0) (0.2) (1.1) (0.9)
RE o miite s i 0.995 0.999 0.946 0.985 0.975 0.919

Table 5.4.1. Demand functions for food as a whole. Dependent variable = total calorie consumption|
day/capita, t-values in brackets, d = Durbin-Watson test quantity,

Period 1950—77, R? = 0.715

d = 0.61
Period 1950—63, R2? = 0.536

d =0.72
Period 1964—77, R? = 0.574

d =0.99

Food price Non-food price
index index Income

—0.351%% 0.351 —0.016

(2.6) (1.9) (0.3)
—0.152 —0.070 0.175%*

1.2) (0.4) (2.6)
—0.280 0.259 0.008

(1.3) (0.8) (0.1)

Pork Eggs Fish mli\ﬁl;r?d. Cheese Butter Mn;ig]; %
—0.041 —0.004 —0.118 —0.170
(0.2) (0.0) (1.1) (0.5)
—0.040 —0.928 0.437 0.499
(0.1) (0.9) (1.7) (1.2)
—0.811* 0.078 0.317
(2.0) (0.4) (0.4)
0.083 0.292
(0.4) (0.7)
—0.474 0.569*
(1.1) (1.9)
—0.435% 1.322
(2.3) (1.1)
—0.317 —0.169 1.064*+*
(0.6) (1.3) (2.4)
—0.159 —0.868
(0.8) .n
1.548 0.368%* 1.163* 0.003 1.902*** | —0,587 1.366%*
.7 (2.3) (1.9) (0.0) (5.3) .7 (3.2)
—0.071
(0.9)
—0.129 0.425 0.040 0.783*% —0.132 0.442 —0.466
(0.2) .7 (0.1) (3.4) (0.4) (1.4) a.7n
0.993 0.943 0.836 0.939 | 0.989 0.977 0.924

In general, demand elasticities for the total demand for food are small. In the
early period, food seems to have been income elastic, but no longer in recent years.
Both the price elasticity and the cross- elasticity with respect to non-food items are
small. In addition, they do not differ statistically from zero.

It is quite natural that food consumption as a whole in a developed economy
such as Finland’s is no longer sensitive to price or income. Nowadays, the potential
demand is not any more directed to energy (calories), but to protein items. Thus
there is a shift from cereals and potatoes to meat and other protein food while the
total energy consumption remains unchanged or changes only marginally.



6. TESTING STABILITY AND UP-DATING OF DEMAND ELASTICITIES

6.1. Problem of changing parametets over time

In econometrics, regression analyses are usually run by applying as long time
series as possible to get reliable parameter estimates. At the same time, these analyses
are based on the assumption of a constant regression relationship over time. However,
as pointed out by BROWN et. al. (1975, p. 149), the validity of this assumption
is open to question. Particularly in the field of social sciences, there might be a good
case for supposing that the structure of a regression model changes in the course
of time. In that case, the assumption of an unchanged regression relationship is
wrong. If the model is to be used for forecasting, as in the present study, this problem
is of crucial importance.

The structural changes are divided into two stability concepts: stability over
time of the regression coefficients and stability of the distribution of the error term.
Because the former is by far more important in practical applications, the following
examination is devoted to that problem only.

In the framework of a demand study, we may think that consumer preferences,
which indicate the behavior of consumers with respect to prices and income, are
subject to changes over time. These changes might stem from shifts in the socio-
economic structure of the population, changes in the goods studied, product deve-
lopment or the introduction of entirely new products. As analyzed in Section 2.2.,
similar changes have occurred in the Finnish diet during the past two decades. Con-
sequently, the estimated demand functions above are likely to be outdated with
respect to present consumer behavior. As one of the objectives of this study is to
make forecasts, the examination of the parameter changes and the updating of the
parameters -of the demand functions have to be undertaken first.

As a first approach to the detection of parameter changes, we could think of
running two regression analyses of the study period: one for the eatly and the other
for the latter part. This procedure was followed in the preceeding section, but as
stated before, no definite conclusions could be drawn.

The number of sets of parameter estimates can be further expanded by adding
one observation to the end of the study period and leaving out one from the beginning.
Applying this procedure we move ahead stepwise along the study period. This
method of using regression techniques is, accordingly, called stepwise regression
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analysis. For the statistical theory of stepwise regression analysis, the reader is asked
to refer f. ex. to TERASVIRTA (1970, p. 11—23).

By means of stepwise regression analysis, we are able to get a sequence of sub-
sequent models instead, of a single model. In other words, a time seties of the esti-
mated parameters is obtained, which gives us more information about the develop-
ment of the parameters over time. If they seem to alter smoothly, it is consistent
to assume that structural changes have taken place in the regression model.

Traditionally, systematic changes in time series analyses are taken into account
by inserting a trend factor among the independent variables. Through this procedure
it is, however, not possible to measure any changes in the parameters themselves,
but the method is primarily used to avoid getting biased estimates for the rest of
the parameters. In many cases, the interpretation of the trend coefficient is also
difficult.

6.2. Testing of parameter changes

In this study, neither the stepwise regression analysis nor the inclusion of a
trend factor were used, but the parameter changes were tested using the tests recently
introduced by BROWN et. al. (1975, p. 149—163). After that the models were
updated by means of the discounted regression analysis (Section 6.4.).

The major points and features of the tests by BROWN et. al. will be discussed
in the subsequent text, following closely the presentation of the authors. For further
details, the reader is asked to refer to the original article.

Let us express the null hypothesis, i.e. the hypothesis of constancy of the re-
gression coefficients over time, as follows:

(6.2.1.) Hy fy=fs= ... =fr=8.

Let us further assume H, to be true and b,_, to be the least squares estimate of
B based on the first r-1 observations. According to (5.1.4.),

(6.2.2.) byy = (Xf 31X 1) T XL 1Veae
Then we calculate the w,-values using the formula:

Yi—Xebe 1
'\/(1 Fx (X XK )7,

(6.2.3.) W, = ,r=k+1, ..., T,
where y, and x, constitute the rth observation.

The numerator of (6.2.3.) gives us the prediction error of y, when predicted
from the model which is based on the r-1 observations. This is standardized by the
denominator and called the standardized prediction error. BROWN et. al. (1975,
p. 152) have proved that the w,-values are normally distributed with zero means
and a constant variance, i.e. w . ~N(0, ¢%), when H, is true.



54

If the w,’s are subsequently calculated, introducing into the model one obset-
vation at a time, we obtain a time series of standardized recursive residuals. Now,
if B, is constant up to time t = t, and differs from this constant value from then on,
the w_’s will have zero means for r up to t, but in general, will have non-zero means
after that. To examine possible departures of the means of the w’s from zero, Brown
et. al. have suggested the use of cumulative sum (hence called cusum) of the w,’s.
First, the cusum quantity:

z

(6.2.4) W, =1 zwi

G,
i=k+41

is calculated and plotted agains r. Here ¢ denotes the estimated standard deviation
from the whole data. The expected value of W, under the null hypothesis, E(W,)
is zero.

Then a suitable procedure to test the significance of the departure of the sample
path of W, from zero is to find a pair of lines lying symmetrically above and below
the line W, = 0. If we choose a certain significance level, say a, these lines would
be located in such a way that the probability of crossing one or both lines is a. Brown
et. al. have derived these lines to go through the points:

(6.2.5.) {k, £2aV/T—k}» {T,+ 3a4/T—k}

where k is the number of regressors, T is the number of observations and a is a
parameter which depends on the significance level a. The authors have suggested
the following useful pairs of values of a and a:

a=0.01, a = 1143
a = 0.05, a = 0.948
a = 0.10, a = 0.850

Here, the probability of W, crossing both lines is assumed to be negligible. This
test is called the cusum test (CUS-test).

Brown et. al. have also suggested another test to complete the cusum test, parti-
cularly when the departure from the constancy of the f’s is haphazard rather than
systematic. ‘This is the cusum of squares test (COS-test). It is based on the squared
recursive residuals, w? and on the plot of the quantities:

r T
(6.2.6.) 5; = ( z wf) / ( Z wf) =SSt t =k+1, ..., T.

i=k+1 i=k+1

Assuming H, to be true, s, may be shown to have a beta distribution with mean
(t-k)/(T-k). As in the case of the cusum test, a pair of lines:

(6.2.7.) 2, = o+ (t—k)/(T—k)
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is constructed parallel to the mean value line in such a way that the probability of
the sample path crossing one or both lines is a, the required significance level. To
find the value of c,, use is made of modified Kolmogorov—Smirnov statistics.
If (T-k) is even, we enter the table of DURBIN (1969, p. 4) at 1/2(T-k) —1 and
1/20. If (T-k) is odd, a linear interpolation is made between the values for n =
1/2(T-k)—3/2 and n = 1/2(T-k)—1/2.

Cereals Potatoes
1865 -70 -75
1 1 L.
_.2 4 .
_4 2 1960 75
—86 /
W, -2
-8 4
-10 -
12 a=0.05 -6
-8
-10
a= 0.05
Sugar Vegetables
4
2
1960 -65 -70 -75 a=0.05
1 1 1. i 12
-2 10
-4 8 W,
-6 6
W,
. : /V
—10 211960 65 70
—12 a1 ] Y 1
= 0.05
2] N\~
-4
Fruits & berries Beef
2
1960 -65 -70 -75 1960 B
e b | 1 ! 9 f55 7Io
-2 -2
~4 4 w, -4
-6 -6
-8 -8 WI’ .
-10 -10
1 —o0s 2 a=0.05
—-14

Figure 6.2.1. Cusum-tests of the demand functions, Wr = CUS-test quantity, a =
significance level.
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Figure 6.2.1. (Continued)

Both the CUS- and the COS- tests were applied in this study. Finally, it is to
be noted, as the authors point out, that these tests provide a yardstick for evaluating
structural changes, although, of coutse, they can be used as a formal test to teject
the H,, if the sample path travels outside the region between the lines.
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The CUS- and COS-tests applied to the original demand functions (Table 5.2.1.)
for 1950—77 are presented in Figure 6.2.1. and 6.2.2. The significance level of 0.05
(e = 0.05) was chosen for both tests, The results are presented in a compact form
in Table 6.2.1.

The CUS-test gave a positive result only in three cases and the COS-test in five
cases. However, it is to be noted that in a number of products, the W,- and s_-curves
go very close to the critical lines. Due to the non-definite nature of these‘tests, there
are good grounds in these cases for supposing the occurrence of parameter changes,
at least to some extent.

Cereals Potatoes
= 0.05 :a= 0.05
1.0 Sp 1.0
0.8 0.8
06 o= 0,05 06 a=0.05
0.4 04
0.2 0.2
1965 -7 -75 1 965 »70
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0.6 o = 0.05 0.6 = 0.05
0.4 0.4
0.2 0.2
1960 -6 1960
Fruits & berries Beef
a= 005 a=0.05
1.0 Sr. 1.0 sp
0.8 0.8
06 a= 0,05 0.6 a = 0.05
04 0.4
0.2 0.2
1960 -6 1 960 -65 -70 -75

[N

Figure 6.2.2. Cusum of squares tests of the demand functions, sy = COS-test
quantity, a = significance level.
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Table 6.2.1. The results of the CUS- and COS-tests. The hypothesis of the constancy of the regression
coefficients rejected (4), not rejected (—).

CUS-test COS-test

| +

Sugar ... i e e e e
Vegetables .. ..ot e e e e
Fruits & berries . .vvvniinn it i i it i e
Beef oo e e s

(00T
S 3 L
Margarine & oils .....oviiiiii i i
Food as a Whole ....iiitiiiiiiii ittt ittt e i iieennnn +

)

o]

"?:_.
PLTT LR+ T+
Pl+TT+H++1 01

6.3. Estimation method of discounted regression analysis

Even though the hypothesis of constancy of the regression coefficients was
not rejected in the case of all food items, it was felt that before making forecasts
by means of these demand elasticities, they ought to be updated.

The updating was performed by means of discounted least squares (DLS), which
gives more weight to recent data than to data from the distant past. By way of com-
parison, it is to be noted that the method of ordinary least squares (OLS) implies
that data from some decades ago is as relevant for estimating the parameters and,
in particular, for making forecasts, as data from the past few years.

Already in 1957, TORNQVIST (1957, p. 222—223) suggested the application
of a discounted regression analysis. Later, the method has been further developed.
For a detailed presentation, see e.g. GILCHRIST (1967, p. 355—369).

The method of discounted least squares (DLS) belongs to the general class of
methods of weighted least squares. Generally, if we have a diagonal weighting matrix
W =Tw,, w,, ..., Wy, and we want to weight the ith observation with w;, the
estimator of weighted least squares for f is calculated by minimizing:

(6.3.1.) e'We

instead of ¢’e. The formula for b then assumes the form:

(6.3.2) by = (X'WX)-1X'Wy,

compare with the Formula (5.1.4.).

We can now proceed from the weighted regression discussed above to the method
of discounted least squares (DLS) as follows, First, a discounting factor g, (0<p< 1)
is chosen. If T obsetvations are included in the model, the obsetvations have the
weights QT_1W1,QT_2W2, -« 1 0Wp_y,Wy. In other wotds, the weights will be discounted
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by 2 figure diminishing geometrically., Usually w; =1, (i=1, ... ,T). Then the
weights from the first observation to the last one are:

(6.3.3) oT-L, oT-% ..., o, 1.

The discounting method used in this study is discussed in more detail by VALI-
AHO and PEKKONEN (1976, p. 27). The different discounting schemes with
varying o’s will be dealt with in the appropriate empirical section of this study.

Finally, it is to be noted that the usual criteria for evaluating a regression model
are no longer valid when using DLS because the disturbance term has, no more a
constant variance. Accordingly, instead of the traditional R*-value, t-tests of the
regression coefficients and Durbin—Watson statistics, only the predictive petfor-
mance was used to measute the »goodness» of a model. Because the functions are
used for forecasting purposes, this criterion was considered justified. The »best»
discounting scheme has to be found by empirical experiment. Different g’s were
applied by the »trial and error» method, using the predictive petformance of the
model as a yardstick. Just how this was performed, will be discussed in Section 7.1.

6.4. Updating of demand elasticities

The updating of the demand elasticities estimated before was made by means
of discounted least squates (DLS). The cross-price elasticities which were found
to be of minor importance were omitted from the DLS-functions. Their influence
on the forecasts would in any case be negligible. A total of five different g-values
were used. Discounting with different g-values involves that the lower the g-value,
the more the most recent observations are taken into account. Thus, when weighting
time (years) with given weights (Formula 6.3.3.), we are able to get estimates stem-
ming from a mote up-to-date time, the lower the p-value is.

For example, if the time petiod 1950—77 is weighted by ¢ = 0.95 (see Formula
6.3.3.), we end up with a weighted average of 1966.7. In other words, the elasti-
cities origiriate approximately from the third quarter of 1966. The following different
o-values, expressed with time points, were used.

o time point

0.95 third quarter of 1966
0.85 » » » 1971
0.75 first » » 1974
0.65 » » » 1975
0.55 fourth » » 1975

Because some food items did not result in meaningful elasticities when using
heavy weighting (low p-values), only the greater g’s were used in those cases. To
detect the consistency of OLS-estimates with those of DLS, the corresponding
functions were run for 1950—77 and 1964—77 using the OLS-method.

The results are presented in Figure 6.4.1. In some cases, the demand elasticities
vary considerably, in other cases only moderately. The elasticities secem to alter
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smoothly in the cases where there have been only minor changes in the food item group
itself. These groups include cereals, potatoes, sugar and eggs. With some exceptions
the DLS- and OLS-estimates coincide: the OLS-estimates follow approximately
the trends of the DLS-elasticities.
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K . 0.2 K R
1965 70, 75 1965 0 75
—0.2 Cereals —0.2 \
Income
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—-0.6 —-0.6
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Elasticity 10 berries
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-1.2
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1.0
0.2
O\J_ﬁegfcgeals- 0.8
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0—_—_\J‘\lncome —02
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-0.2 1965 -70 \ &'75 1965 70 75
Fruits —-0.2
-04 berries Beef
-06] —04
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Elasticity

Figure 6.4.1. Demand elasticities with tespect to income and price of diffetent food items as
a function of time. The elasticities within a circle ate OLS-estimates.
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The consistency of the results with the tests by Brown et. al. is evident. In those
cases where the change of the coefficients was notable and smooth, the CUS- and
COS-tests ot both of them suggested the rejection of the hypothesis of constancy.
These food items include cereals, pork, eggs, fish, butter and food as a whole. In
the two lastmentioned cases, the changes are not as obvious as in the others.

The updated elasticities based on the DLS-functions are presented in Table
6.4.1. In those cases where the DLS-method did not give meaningful results,
the OLS estimates were taken into account. The same procedure was followed to a
certain extent when the CUS- and COS-tests gave negative results. The price elasti-
cities were again set at zero in the cases where they turned out to give a positive
elasticity. In most cases, they were only slightly positive. Because they produced
unstable estimates, the cross-price elasticity of butter with respect to margarine &
oils and the cross-price elasticity of margarine & oils with respect to butter were
omitted.



7. CONSUMPTION FORECASTS FOR 1980, 1985 AND 1990

7.1. Forecasts for 1980

One of the objectives set for this study was to make short-term consumption
forecasts. As mentioned before, »short-term» here refers to a time span of 2—3
years ahead. Because of processing, food consumption data have a one-year time
lag. At the moment, provisional figures for 1978 are available. Accordingly, the
year 1980 was chosen as the year for which the short-term forecasts were prepared.
To eliminate year-to-year fluctuations, the average consumption figure of the three-
yeat- period 1976—78 was taken as a basis for making the forecasts. Hence, the actual
time span to be forecasted was three years. At the time the forecasts were made,
we were in late 1979. From this point of view, 1980 secems to be too close ahead.
However, the choise of 1980 enables one to check the accuracy of the forecasts
shortly, i.e. in mid-1981, when the 1980 consumption figures are published.

The method of DLS was applied in the following way. First, the demand func-
tions having only income and the most important prices as independent variables
(see Section 6.4.) were estimated for the period 1950—74. A discounting factor
(o) giving the most accurate forecasts for 1975—77 on the average was then chosen.
To find out the g-value, a method of trial and error was used in estimating a large
number of functions with different discounting schemes. Second, the demand func-
tions wete re-estimated using the 1950—77 data and the g-values obtained in the
first step. After that, the forecasts for 1980 were made applying the parameters
obtained in the second step and using the average consumption of 1976—78 as the
base year.

The optimal values of g varied from 0.500 (cheese) to 0.925 (vegetables) (Table
7.1.1.). The elasticities used in making the 1980 forecasts (Table 7.1.1.) are, with
some exceptions, of the same order of magnitude as the updated elasticities (Table *
6.4.1.).

The method of making forecasts by means of demand elasticities is conditional
in the sense that the future income and price development has to be forecasted first.
As the price elasticities are, with a few exceptions, close to zero, the forecasting of
future price development does not play an impottant role. On the other hand, the
fature income development is of crucial importance.

An annual growth rate of 3.3 per cent in the real disposable income of households
was applied in the making of the forecasts for 1980. This estimate was made by the
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Ministry of Finance (ANON 1979, p. 50). Real disposable income was used instead
of real earnings because the former is a better indicator of real income development
in 1978—80, mainly due to recent changes in taxation.

It is far more difficult to make any estimates on future price development, but,
as mentioned earlier, the inherent inaccuracy is reflected only marginally in the
final consumption forecasts. Two main lines were followed in making the price
forecasts. Firstly, the price level of food as a whole was supposed to remain rather
stable. Secondly, the past trends of prices were followed in rough terms. Accordingly,
the real price of eggs and fish was assumed to go further down. The price of cereals,
sugar, fruits & berries and margarine was supposed to follow the general price
level. Further real increases were anticipated to occur in potatoes, vegetables, dairy
products, pork and particularly in beef. The price rise for beef stems from the assump-
tion that beef will be in short supply with the declining number of cows in Finland.
Further, it was assumed that because pork production is abundant, beef is not going
to be imported or will be imported only temporarely.

Given the elasticities and the price developments in Table 7.1.1. and the annual
growth rate in real income of 3.3. per cent, forecasts were made for 1980. As men-
tioned earlier, the average of 1976—78 was used as the base year. The results are
presented in Table 7.2.2.

Apart from the 13 food items analyzed, Table 7.2.2. includes a total of 25 goods
or groups of goods. Although the large majority of the additional food items are
only of marginal importance from a nutritional point of view or in terms of agti-
cultural production policy, they were included in otder to obtain the total calotie
consumption which enables us to check the consistency of the forecasts as a whole.
With the exception of poultry, these forecasts were based on past trends. The starting
point in forecasting the future poultry consumption was the previous estimate on
its income elasticity. In 1966—68, the income elasticity of poultry was estimated
to be as high as 2.00 ... 3.00 KAHEIMO & ROUHIAINEN 1973, p. 272). At
present and in the near future, the income elasticity is assumed to be lower, i.e. 1.50.

Overall, in terms of calorie intake, the total food consumption would be slightly
above the 1976—78 level. The individual food items seem to develop in the way
implied by the elasticities in Table 6.4.1. with the exception of whole milk which
is supposed to remain at, or be slightly above, the level at which it was in 1976—78.
‘This is because in applying the DLS for 1950—77, milk obtained a slightly positive
income elasticity, 0.07 (see Table 7.1.1.). Usually, the making of forecasts is affected
by subjective considerations. Here they were, however, ignored, because the aim
was primarily to test the suitability of the DLS-method for forecasting.

The application of both the OLS- and DLS-methods in making forecasts for
1975—T77, a process where an optimal p-value was chosen, enables us to compare
the forecasting ability of the two methods. This is done in Table 7.1.2. Without
an exception, the accuracy of forecasting could be improved considerably by using
the DLS-method. Only in three cases, (potk, milk and cheese) was the forecasting
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Table 7.1.2. Forecasting errors for the years 1975—77 on the average when using both the OLS-
and DLS-method, ¢ = the discounting factor.

Error in kilos Error in pet cent
OLS DLS OLS DLS ¢
Cereals v.oviieininninneeenaneenienann —4.3 0.3 —5.8 0.4 0.625
POtatoes . .vvvveveeenenenonnrosnonsans 1.9 0.7 3.0 1.1 0.850
SUEAL it e 9.0 —0.4 23.8 —1.1 0.725
Vegetables ....oviiiiieniieiia, —2.1 —0.2 —17.6 —0.7 0.925
Fruits & betries .......oviiiiiiiias —6.6 —1.3 —8.0 —1.5 0.700
Beef i iv it e e e 1.2 0.0 5.2 0.0 0.700
Potlt .t e —2.3 —1.7 —13.5 —6.4 0.700
Bggs oot i e 0.6 0.0 5.5 0.0 0.550
23] —1.3 —0.8 —8.8 —1.4 0.900
Milk & milk products ................ —9.9 —6.4 —34 —2.2 0.600
CREESE tiiveeernenrnnarnecenaensennns —0.6 —0.4 —9.5 —6.3 0.500
BUtter v veree v e 2.3 0.2 18.1 1.6 0.675
Matgarine & oils ....... ..ol —0.7 0.0 —17.4 0.0 0.700

error more than 2 per cent. However, it is to be borne in mind that the forecasts
do not include errors made in predicting the future price and income development.
So, the forecasts for 1980 are not necessarily all that good.

It is very difficult to draw any conclusions, based on the above results, about
the kind of demand function and the circumstances of the DLS-method, which
give the best results. That would tequire further study which is outside the scope
of the present one. It seems, however, likely that the DLS-method takes more into
account the most recent relationships of the dependent and independent vatiables,
thus resulting in better forecasts.

The second objective set for this study was to elaborate a system enabling us
to make reliable forecasts, including a mechanism by which the forecasts could
be revised occasionally.

Based on the experience of this study, it seems likely that the longer-term fore-
casts can be revised in due course by means of the DLS-method in the following
way. First, a number of DLS demand functions are estimated to find out the optimal
g-value giving the most accurate forccast for the two or three years ahead. These
observations are retained as reference data at this stage. Second, the demand functions
are re-estimated using all the available data and the g-value obtained in the first stage.

After that, forecasts are made some years ahead using the parameters obtained
in the second stage. The good results previously teported by the author (ROUHI-
AINEN 1978, p. 154—165 and ROUHIAINEN 1979, p. 349—359) support the
idea of using the DLS-method in short-term forecasting.

7.2. Forecasts for 1985 and 1990

The consumption forecasts for 1985 and 1990 were made using the traditional
method of forecasting by means of demand elasticities.
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The elasticities of Table 6.4.1. were, as such, considered to be unsuitable for
forecasting because, as analysed eatlier in this study, the demand elasticities, income
elasticities in particular, change over time.

For that reason, it was felt necessary to have elasticities which would be valid
in the 1980’s. One opportunity for forecasting the elasticities would be to follow
their trends in Figure 6.4.1. This procedure was, however, considered too formal
and rigid. Thus, subjective deliberation was used to some extent while at the same
time taking the trends of the elasticities into account. The principle of a gradually
stabilized diet was followed. This implies that the income elasticities diminish over
time.

As to the income elasticities, the largest deviations from the trend (Figure 6.4.1.)
were registered for pork, milk & milk products and cheese. This is because it was
thought that the income elasticities of these food items do not only have an income
effect but also include trend factors which in turn consist of such things as new
products, better quality or a particular item finding entirely new consumers (See
Section 2.2.). No major changes wete assumed to occur in the price elasticities.
As mentioned before, they are of minor importance from the standpoint of fore-
casting accuracy. The demand elasticities used in making forecasts for 1985 and 1990
are given in Table 7.2.1. _

The 1985 and 1990 forecasts were made by using three alternative rates of real
paonual income growth; 1.0, 2.5 and 4.0 per cent. Given the present economic
arospects, the forecasts with 2.5 per cent income growth are considered the most
likely ones. The same real income growth for 1978—82 has been estimated by the
Research Institute of the Finnish Economy (ANON. 1978a, p. 34). The forecasts
with 1.0 and 4.0 per cent annual income growth were introduced in order to
determine the composition of the Finnish diet in conditions of relatively low and
high economic growth. At the moment, the 4.0 per cent growth tate seems rather
unrealistic.

The price changes were assumed to be the same as in the 1980 forecasts (Table
7.1.1.).

The forecasts for 1985 and 1990 are presented in Table 7.2.2. The food items
with a high starch content (cereals, potatoes and sugar) show a general declining
trend, potatoes a sharp one and sugar only a slight one. The decreased consumption
of these items is going to be substituted for by protein food items, notably by potk,
but also to some extent by beef, eggs, fish and cheese. With only a slight dowaward
trend, milk seems to maintain its prominent position as one of the main food items
in the Finnish diet. It is also worth noting that although the consumption of butter
goes down and that of margarine up, the total fat consumption remains unchanged,
i.e. at the level of 21 kg/year/capita. Food consumption as a whole in terms of total
calorie intake also seems to remain almost unchanged with the exception of the
forecasts with 4.0 per cent real income growth for 1990. But as mentioned earlier,
that forecast is unrealistic.
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Some differences are observed in comparing the above results with the forecasts
for 1985 made by KETTUNEN (1976, p. 389), which are generally based on previous
studies and past trends assuming a real annual income growth of 4.0 per cent. It
seems that most of the differences between the two forecasts are due to different
assumptions on the real income growth, because the 4.0 per cent forecasts of both
studies coincide fairly well.

7.3. Some reservations and implications

A pumber of reservations are to be made about the forecasts discussed above.

First, the consumption figures are not to be interpeted as point forecasts, i.e.
a forecast does not necessarily indicate the level of consumption in that particular
year but rather a two- or three-year average. This applies more to the forecasts for
1985 and 1990 than to the 1980 forecast.

The future growth rate of teal income is of crucial importance. In patticular,
it affects the ratio of consumed meat to cereals & potatoes. In the event of a different
real income development, the forecasts have to be revised accordingly.

In general, retail prices have only a minor influence on demand. However, if
the price rises of especially beef and pork deviate from the assumptions made before,
some revision is needed in the respective consumption forecasts.

Supply factors add an element of uncertainty to the forecasts. In particular, that
goes for fruits, vegetables, poultry meat, other meat (the number of elks shot) and,
to some extent, for beef. Foreign trade policy has similar effects, too.

The possible introduction of new products or product development may violate
the forecasts. Thus, the mixture of butter and margarine introduced in 1979 may
disturb the forecasts on butter and matgarine. For the moment, it is, however,
premature to make any assessments of how the consumption of the two items is
affected.

Although outside the scope of this study, some implications of the results are
finally outlined in a very general way.

With the exception of fruits & berries, beef, potk and butter, the price elasti-
cities turned out to be very low, which gives scope for price setting at the retail
level. In other wozrds, price changes have very little or no impact at all on the quan-
tities demanded. Some institutional developments such as increasing availability of
messing facilities where different meals are served at a uniform price and the growing
amount of prepared meals sold nowadays contribute to this development.

The results provide outlines as to how agricultural production should look like
in 1990. Assuming a 100 per cent self-sufficiency level, a real annual income growth
of 2.5 per cent and a total population of 4.9 mill. (ANON, 1975, p. 10) in 1990,
we may conclude that beef production ought to be 13—14 per cent and pork pro-
duction 18—19 per cent higher compared with 1978 (in the case of 1.0 per cent
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real income growth,'gthe figures would be 6—7 and 0 per cent respectively). On the
other hand, considerable reductions are needed in the other animal products if the
100 per cent self-sufficiency level is to be reached by 1990, i.e. 23 (26) per cent in
eggs, 26 (43) per cent in cheese and 36 (26) per cent in butter. Because of recent
crop failures, it is impossible to make a similar comparison about cereals. We may
only conclude that the demand for cereals is decreasing at an annual rate of 0.6
per cent (0.2 per cent).

It is very difficult to draw any precise conclusions about the area of land and
other production capacity needed in 1990. This is because, apart from consumption,
factors affecting production e.g. intensity of fertilizing, technical and biological
development, should be taken into account. In general, one may conclude that in
the case of favorable teal income growth, more food is eaten in the form of animal
products, which requires more arable land and other inputs in agriculture and increased
utilization of energy in the processing industry, although food consumption in
calorie terms remains unchanged. By the same token, in the case of low real income
growth, more food is eaten in the form of plant products, and less energy is required.
A fuarther study is, howevet, needed to carry out all these calculations.



8, SUMMARY AND CONCLUSIONS

The purpose of this study was to estimate demand elasticities for agricultural
products, to detect their changes, to elaborate a system of making consumption
forecasts and updating them. Another target was to wotk out short- and longet-
term consumption forecasts.

Since the late 1960’s, the production target of Finnish agricultural policy has,
in practice, been self-sufficiency or production quantities slightly exceeding this.
If this policy is followed in the future, which seems likely, the future consumption
trends have to be known. By virtue of reliable consumption forecasts, we are also
able to establish good grounds for developing the farm structure. ‘The future con-
sumption of food commodities is of major importance to the processing industry,
as well. Another reason for undertaking this study was the lack of recent studies
where all the food items would have been analysed simultaneously. In addition,
longer-term consumption forecasts for food items in Finland are unavailable or
they are out-of-date.

A striking feature of the Finnish diet is a high pet-capita consumption of dairy
products. The consumption level of cereals and potatoes is also higher than the
average level in European countries. On the other hand, the use of vegetables and
fruits is lower. The consumption trends in Finland ate presented in Table 2.2.1.

The development of the relative prices of the main food items in Finland between
1950—77 is depicted in Figure 2.3.1. In general, the real retail prices have developed
smoothly, with some exceptions.

The estimation of demand elasticities was based on the traditional theory of
rational behavior of consumers. Annual data from the time period 1950—77 was
analysed. A total of 13 food items or groups of similar food items and the total
calorie intake were studied. The dependent variables were expressed on a per-capita
basis. The corresponding retail prices ot price indicis and the index of salary and
wage earners’ earnings were used as the independent variables. All the independent
variables were deflated by the consumer price index 1967 =’100°. To eliminate
shifts in the consumption level of potatoes and margarine, a dummy variable was
applied. A logarithmic functional form was used for its better fit over the linear
one and for its ease of estimation and interptetation.

The demand functions were first estimated for the entite study period using
the method of ordinary least squares (OLS) as the estimation method. The subpetiods
of 1950—63 and 1964—77 were also estimated as a first approach to the detection
of possible changes in the parameters of the demand functions (Tables 5.2.1., 5.2.2.
and 5.2.3.).
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The homogeneity condition (see Section 3.2.) was taken into account in the next
step in estimating the demand elasticity matrix. In this case, the method of restricted
least squares (RLS) was applied (Tables 5.2.4., 5.2.5. and 5.2.6.). By virtue of the
F-test, the hypothesis of the homogeneity condition had to be rejected in the case
of some food items. .

The elasticity matrices for the three time petiods were then formed on the basis
of the results of the OLS- and RLS-functions and of the relationships between
two cross-elasticities (Tables 5.2.7., 5.2.8. and 5.2.9.).

Dynamic demand functions were also estimated to detect the adjustment process
through which consumers move from one equilibrium to another when the price
of 2 commodity changes. The results are presented in Tables 5.3.1., 5.3.2. and 5.3.3.

The demand functions for food as a whole were estimated by using the food
price index, the non-food price index and the income index as independent variables
(see Table 5.4.1.).

The stability over time of the parameters of the demand functions was checked
using the tests recently developed by Brown et.al. It was assumed that consumer
preferences, teflected in the parameters of demand functions, are subject to
changes over time. These changes might stem from shifts in the socioeconomic
structure of the population, changes in the goods studied, product develop-
ment or the introduction of entirely new products. Since one of the objectives of
this study was to make forecasts, the examination of the parameter changes was
considered to be of great importance. When used as formal tests, the tests by Brown
et. al. suggested the rejection of the hypothesis of constancy of the parameters in
the case of five items. But considering the fact that in several cases, the tests were
just about to give a positive result and that the tests can also be used as an informal
yardstick, it is likely that at least minor parameter changes have occurred in the
other food items, too.

Given the parameter changes over time, it was felt necessary to update the demand
elasticities before making any forecasts. The updating was performed by means
of the discounted least squares (DLS), which gives more weight to recent data than
to data from the distant past. At this stage, only the most important independent
variables were included in the demand functions. Through the application of different
discounting factors, it was possible to express the demand elasticities as 2 function
of time, the most recent of them stemming from the fourth quarter of 1975 (Figure
6.4.1.). An updated elasticity matrix (Table 6.4.1.) was then constructed relying
primarily on the results of the DLS-estimates but, with regard to some food items,
also taking into account the elasticities obtained by the OLS- and RLS-methods.

Nowadays, food consumption in Finland is determined mainly by consumer
income. With the exception of some products, prices have only marginal importance.
One possible explanation is the marginal proportion of total expenditure in these
products. It seems that when the expenditure share becomes less than one per cent,
the food item in question becomes insensitive to price changes. Similarly, only
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vety few cross-price elasticities are relevant in determining the quantities demanded.
The elasticities are presented in ‘Table 6.4.1.

Since the price elasticities, with the exception of fruits & berties, beef, pork
and butter, are low or zero, there seems to be scope for price setting at the retail
level, with this having very little or no impact at all on the quantities demanded.

The relatively high income elasticities of fruits & berries, potk and cheese do
not include only the income effect but they are also likely to imply the trend factors
which are associated with such things as new products, better quality and an increased
number of new consumers of these products.

As expected, the dynamic demand functions revealed that consumers adjust
to new price rations within one year.

The demand for food as a whole turned out to be inelastic with respect to income.
The price elasticity and the cross-elasticity with respect to non-food items are also
likely to be very low.

Two different types of forecasts were made; short-term forecasts for 1980 and
longer-term forecasts for 1985 and 1990. An annual growth rate of 3.3 per cent
for real income was assumed up to 1980 and 2.5 up to 1985 and 1990. T'wo alternative
forecasts, with an annual income growth of 1.0 and 4.0 per cent were also made
for 1985 and 1990. The real prices were supposed to develop in accordance with
their past trends, with the exception of beef which was anticipated to become relatively
more expensive (for the annual price changes, see Table 7.1.1.). The average of
1976—78 was used as the base year from which the forecasts were made.

The method of DLS was used when forecasting for 1980. First, the optimum
discounting factors were chosen which produced the most accurate forecasts for
1975—77 on the average. They were selected through the method of trial and error
in estimating numerous functions for 1950—74. Then, the same demand functions
were te-estimated using the 1950—77 data and the discounting factors obtained.
After that, forecasts were made by applying the parameters of these functions. The
forecasts for 1980 are presented in Table 7.2.2.

The consumption forecasts for 1985 and 1990 were made by using the traditional
method of forecasting with demand elasticities. It was felt that the present elasti-
cities (Table 6.4.1.) are unsuitable for forecasting a longer time ahead. Therefore
the elasticities, likely to be valid in the 1980’s, were first calculated by following
closely their past trends, with some exceptions. These elasticities are presented in
Table 7.2.1. Based on these elasticities and on the assumption above, consumption
forecasts were made for 1985 and 1990 (Table 7.2.2.).

A number of reservations are to be made about the forecasts. These refer more
to the forecasts for 1985 and 1990 than to the 1980 forecast. The reservations involve,
first of all, an income and price development different from the one outlined before,
introduction of new products and unexpected changes in the supply of some pro-
ducts. Accordingly, the 1985 and 1990 forecasts are to be interpreted within a certain
margin of error. .
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