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Abstract. The goal of agriculture in Finland is to meet the domestic
need for those food products that can be produced rationally in
Finland. It is also important to guarantee farmers a reasonable
income level in relation to other similar population groups. In
recent years more emphasis has also been placed on preserving

a healthy rural environment.

Finnish agriculture is based on small family farm units, and con-
sidering the circumstances, production in several areas is on a very
high technical level. Cows produce 4000 litres of milk per year on
average and the average yield is about 2000-2200 feed units per
hectare. Some 25-30 % of the dairy products are exported and 50-60 %
of the eggs. Likewise, bread grain has been exported in recent years.
-As fas as meat is concerned, we are on average self-sufficient.
Vegetable oils, sugar, fruits and vegetablés are imported as are high-
protein concentrates. At present numerous steps are being taken to
limit the growth of agricultural production, as the export market

is unfavourable.

Both plant and livestock production are quite highly mechanized.

. However, the small size of farms limits the use of many machines

and makes it difficult to maintain farm income level. Attempts are
being made to improve the agricultural structure by granting low-
interest loans for purchasing additional fields, underdrainage of
fields, agricultural construction, mechanization, etec. The Finnish
farmer has traditionally produced several products, and dairy products
have frequently been the main ones. The trend, however, is increasing-
ly towars specialization in milk, grain, pork, eggs, beef, and this
facilitates e.g. mechanization and reduces production costs. In basic
production cooperation between farms on small farms is limited to the
use of machines and implements. An extensive network of agricultural
cooperatives operates in many product and supply branches and also in
food processing and banking. Specialization increases the proportion

of contract production.



Technical development costs money, but it does generally pay.

It has increased production and reduced the input of human labour.
The productivity of human labour in agriculture has increased ‘
2-4 % per year on average. The constant increase in technology

aon small farms does, however, call for more thought and planning.

1. General

In spite of Finland's geographical position way up in the north,
agriculture plays an important role in the economy. Though agricul-
tural output (including fishing and hunting) only accounts for about
5.7 % of the whole net domestic product, close on 15 % of the popula-
tion make their living from agriculture. Finnish agriculture is
typicaily hased on family farming, for less than 1 % of all farms
are owned by other groups, and the farming family usually does the
agricultural work. The average arable area of farms is small: only

a good 10 ha with all farms over 2 ha large. A Finnish farm usually
also has some forest land, about 30-50 ha on average. 0Of course,
there are variations in the size of farms. We can say that in
southern Finland, for instance, the avefage arable area is 15-20 ha
and there are also quite a lot of farms in this region with 25-40 ha
of arable land. There are only some 2,700 farms with more than 50
ha in the whole country. In central Finland the average size of
farms is smaller, often 10-12 ha. In northern and eastern Finland
the average size is 6-7 ha. The ihportance of forestry and other
incidental earnings is also greater in the north and east than in
the south.

Natural conditions - climate and soil - constitute the basis for
agricultural production and its development. In the south, grain
farming is fairly successful, as is sugar best and in some places
oils seeds such as turnip rape. Apples are alsc grown in the sauth,
though most other fruit has to be imported. Vegetables and root
vegetables are also imported. In the east and north the range is
smaller. Potatoes, grass and certain fodder crops do quite well
throughout the country with exception of northernmost Lapland.



2. The general goals of agricultural policy

The main goals of agricultural policy in Finland are to produce
enough of the foodstuffs for which the country is thought to have
rational potential to meet the domestic needs. Another important
goal of agriculture is to guarantee farmers a reasonable income
compared with other sectors of the populatioﬁ. There has alsoc been
more talk about protecting the environment in agricultural policy.
It is generally accepted that agriculture and the countryside in '
general should be developed so as to preserve the rural setting,

but at moderate cost.

For some time now, the output of the most important agricultural
products has egceeded domestic consumption. About 25-30 % of the
total output of dairy products‘is exported, and about 50-60 % of

the output of eggs. In the last few years, cereals, too, have been
exported. Finland is in practice self-supporting in beef and pork,
though there is occasionally a need to export or import meat. About
35-40 % of the sugar consumption and some 30 % of vegetable fats are
also produced in the country. There are also adequate fodder crop
supplies though protein feeds are imported, mainly to feed pigs and
hens.

Because of the high production costs, exporting is only possible
through a system of export subsidies. One current problem in agricul-
ture is in fact to bring production and consumption into bélance.
There has been a kind of soilbank system here since 1969 and some
150,000 ha of arable land is now out of production. A supplementary
system is currently being planned, aimed at elderly farmers. Several

other steps aimed at limiting production are also being taken.

Many different measures have to be taken to attain the goals of
agricultural policy. They include price control on both products and
supplies. Ever since the '50s agricultural incomes have been under
some kind of legislative control. The aim is to fix the prices of
products and supplies so that agricultural incomes follow the same
trends as those for other sectors of the population, i.e. conpensation
is made for increases in production costs. As production conditions
in diFFérent parts of the country vary greatly, a kind of regional
subsidy system has had to be set up aimed at balancing out income

differences between farmers in different areas. Regional subsidies



are paid on the most important agricultural producfs according to

a progressive scale in various zones. The most important supsidies
affect milk and meat. A higher price is also paid for rye in central
and northern areas. Similarly subsidies are paid in the north according -
to the number of animals kept. As transport costs are exceedingly

high in sparsely-populated areas, a milk transport subsidy, for
instance, is paid to dairiés in central and northern Finland.

The government alsc helps to balance out the cost of transporting
supplies and in principle fodder, fertilizers and other vital

pfoduction supplies cost the same all over the country.

Because earnihgs from agriculture pnly ensure an adequate income on
large and medium-sized farms, a speciél small farm subsidy has had
to be introduced. This is paid according to the'siie of the farm,
i.e. under 10 ha in southern Finland, under 15 ha in central Finland
and under 20 ha in northern Finland. The subsidy is also a social
welfare measure in that a farmer whose income is abave a certain

limit is not granted it.

3. Future development of family farms

One important problem in Finnish agriculture is the small size of
farms. Milk production using fodder produced on the home farm, with
the related meat production, is a typical Finnish form of production.
The average size of the herd is Curreﬁtly a bare six cows. About ‘
20 % of the milk is produced by herds of 1-4 cows. Herds of 5-9

cows produce just less than 50 % and herds of over 10 cows a bare

30 %. On the other hand, it should be pointed out that at present

the goal is to have herds of at least 20-25 cows and the average
'size of herds is growing all the time. Pork is also produced in small
units. Farms with less than 100 pigs produce about 50 % and farms
with 100-500 pigs not quite 40 % and those with over 500 about 10 %
of the total output. In’the‘last few years there has been an

increase in the number of commercially-run pig farms with several

thousand animals.

Eggs, too, are produced in small units. At the beginning of thé '70s
about 80 % of all eggs came from poultry farms with 500-1,000
chickens and slightly over 20 % from those with over 1,000. In the



last few years a number of large-scale commercial poultry\?arms
have been established. At the moment official permission is needed
to set up large commercial pig and poultry farms because of over-
production. Cereal growing is concentrated in the south and south-

west of the country and on farms of larger than average size.

An important task of agricultural policy is to increase the size of
farms. The view is that larger farms cut production costs and thus
lower consumer prices. At the same time, an increase in the size of
farms makes it easier to manage price policy and watch over agricul-
tural income levels. Low-interest government loans are available to
buy out co-heirs or in general to purchased a farm and to buy more
land. A loan can also be obtained to build farm buildings and repair
them. The same applies to measures to promote rationalization of
agriculture, such as drainage of fields, mechanization, etc. Steps
aimed at increasing the size of farms have been taken for several
decades now, but the results are slow. It is only recently that

a new law to develop the structure of agriculture has been passed;

this adjusts earlier objectives and takes more effective action.

The aim is to form larger units that will guarantee enough work and
an adequate income for farmers, for instance by uniting small farms.
A number of studies have attempted to show what size farm the normal
family can run in Finland. A normal family is one with two adults
and one member of the family, pensioner or minor who helps for part
of the year. The size of the farm depends vitally both on the type
of products and on what machines and other aids are available.
Similarly, on the livestock side, it depends whether the farm
produces its own fodder or buys it in considerable quantities. The
following figures on size of farm refer to cases in which livestock
fodder is mainly produced on the farm. From surveys based on norm
figures in agriculture and from practical experience we can state
that with new technolagy a family can run a 30-45 ha farm producing
milk as its main products, with 30-40 dairy cows. If there is greater
specialization in beef production, the family can run a 50-80 ha
farm, raising 100-200 cattle a year for slaughter. In both cases,
production can well include some plants for sale. In pig farming,
too, a family of two can run a 50-100 ha farm and at the same time
keep at least 200-400 pigs if they also produce their fodder. In
addition, 30-40 % of the arable land can be devoted to other plants.



If fodder is bought on a large scale, a pig farm with 500-800 pigs
can be run with moderate mechanization. If the farmer spécializes
in grain, the family can cope with 100 ha or even more. Because of
the seasonal character of farming, when grain, beef and pork are
produced on this scale a considerable amount of the farm family'’s
working capacity is availbble for work outside agriculture proper

in winter.

It looks as though the working capacity of a normal family is not
the limiting factor if farms are being enlarged. The maximum sizes
given above cannot be considered the general goal, in the short term
at least. The small size and scattered position of the fields are in
many places the barrier to enlarging farms. In developing the
structure of agriculture, we must rest content with certain inter-
mediate goals, and to begin with, at least, it will probably rarely
be possible to form farms of the size referred to. If, for instance,
a 15-30 ha unit is formed from a 7-12 ha farm, this is already

a big step forward in many areas.

Increasing the size of a farm calls for a lot of capital, for as
well as the extra land it often means putting up new buildings and
making other basic repairs. This means having a detailed development
schedule in any case and extensive agricultural planning. Enlarging
a farm takes time and comes expensive. For this reaéon, the aim
should be to develop land lease and cooperation between farms, which
give at least some of the benefits of a larger unit. Even if farms
are enlarged, the goal should be to develop viable smaller units, too,
for only a proportion of farms can be turned into family enterprises
offering full employment. There are problems in the north, in
particular, and especially in developing areas, where the conditions

for production and farm growth potential are limited.

4. The current state of technical development in agriculture

The application of technology in industry in general, and thus in
agriculture too, takes many forms. We can perhaps make a distinction
between biological and mechanical technology. The former includes
the improvement of cultivated plants and livestock, artificial
insemination, livestock feeding methods, ways of using fertilizers,
’irrigation of fields, other plant husbandry, animal health care,
prevention of pests and plant diseases and other comparable action,



all aimed at increasing the crop of cultivated plants and the yield
of animals. They may also improve the quality of the agricultural

products. Mechanical technology means buying machines and squipment,
which are often used primarily teo reduce the amount of human labour
and make the work easier. All these measures usually mean additional

costs.
a. Crops and factors affecting them

Finnish crops vary greatly from year to year because of the weather.
There are also rather large regional differences. In 1970-74 the
spring wheat crop average some 2,500 kg/ha throughout the country
and the barléy and oats crop was about 2,400 kg/ha.In the same period
the averags sugar beet crop was 30,000 kg, potatoes about 15,000 kg
and hay 3,800 kg/ha. Of course the size of the crop can be raised by
using Fertilizers. The average amount of all nutrients (N, PZUS’
KZOJ used on the entire country's arable land in 1974 was 216 kg/ha.
Of course the figures vary, depending on the plants concerned. Use
of fertilizers has been rising all the time. In recent years about

5 kg more nitrogen fertilizers (N) per hectare a year have been
used, about 1 kg of phosphorus [PZUS)’ and close on 2 kg of potas-
sium (KZD). Fertilizing technology also affects the crop level.

It has been estimated that fertilizer placement raises the crop per
hectare of grain by about 8-12 %. Almost all farms over 15 ha in
size are using this new fertilizing method at the moment.

Experience has shown that plant breeding raises the yield level
considerably. In Finland, the yield level for spring grain rose
35-40 % in 1925-57. According to the tests and estimates made, about
10 % of this rise was due to new varieties and to plant breeding in
general. According to the experts, plant breeding can raise yields
still further. It is believed that yield of winter rye, for instance,
can be raised 5-6 % with new varieties, crops of grasses 2-3 % and
those of potatoes about 10 %. '

Yields can also be increased with sprinkling. This is still rather
rare in Finland, though it is spreading with increased specialization.
In 1969 sprinkling was carried out on not qdite 3,000 hectares in
1872 on around 24,000 hectares. It has given distinct increases in
crop, though the results depend on the summer weather. Tests show
that crops of spbing grain, for instance, have been sdccessfully



raised as much as 25-30 % with sprinkling. The same kinds of
increases have been achieved with the sprinkling of pasture and
silage. Increases almost in the same class have been achieved with

potato and sugar beet crops.

The growing use of combine harvesters, for instance, has increased
the amount of weeds growing on farms, but weed control has developed
fast, too. In 1974 about 940,000 hectares of arable land, i.e.

a good 70 % of the whole area under grain, were treated with various
herbisides in Finland. Estimates put the increase in grain crops
achieved with weed control at about 10 %. Potato and root crops have
also been boosted with weed control, and it also makes for easier

management and picking.

Various growth regulators have also been introduced recently, aimed
at preventing the grain from lodging. In 1974 straw shortener was
used over about 75,000 hectares, corresponding to some 25 % of the
area under rye and wheat. As a general estimate, we can say that

use of these growth regulators increases grain craops by 2-3 %.

The crop level is also influenced by certain other factors. Because
of the short growing season, it is important for fields to dry out
quickly. In 1975 about 670,000 ha, i.e. 27 % of the whole country's
arable land was drained. About 30-35,000 hectares are currently being
drained every year. Draining is calculated to raise the crop 3-4 %
and also makes it easier to do variocus crop husbandry jobs and to

use machines.

A factor affecting farming in some places is the acidity of the
fields, which can be improved by spreading lime. This is also needed
to keep the fields in good growing condition. The amount used nowadays
is 5-10 tons a'hectare. The annual average for the country's entire
arable area is not quite 200 kg/ha of lime. The experts claim the

figure should be raised.
b. Mechanizing cultivation and harvesting methods
On the plant cultivation side, we can say of the mechanization of

various farm work that practically all farms with over 10 ha of arable
land have their own tractor, and farms with over 30 ha already have



two. About half of farms with 2-10 ha have their own tractor. Farms
without their own tractor lease one from neighbours. There are
rather few farms with a share tractor. There were about 180,000 farm
tractors in Finland in 1875. In fhe last few years the number of
working hours per tractor on bookkeeping farms, for inctance, was

some 450 a year.

All farms with over 50 ha have a combine harvester, and about 60 %
of farms with 20-50 ha. Among farms with between 10 and 20 ha of
arable land, 20 % have their own combine, but very few farms with
less than 10 ha have one. It is fairly common for small farms to
share the use and ownership of a combine. In 1875 there were about
35,000 combirmes in the country. The average number of working hours

per machine avergges below 100 per year.

The spread of combines has greatly increased the need for driers.
There were 54,000 mechanical grain driers in 1975. In addition, many
farms use primative systems of grain drying. Farms with several
hectares of potato have both potato setting and picking machinest
The same applies to éugar beet, which is sowed, managed and lifted

with special machinery on the whole.

c. Yield levels and mechanization of livestock production

The size of farms for various products is given above. Milk produc-
tion in Finland is quite modern. The mean yield of cows has been
growing all the time and averaged about 4,000 litres per cow in 1975.
This result was achieved largely as a result of livestock breeding
and impfoved feeding. It has been estimated that about half of the
increase in yield is due to breeding and half to improved feeding
and care. Artificial insemination has increased the efficiency of
breeding and it is currently available to almost all cows. As the
import of feeds from abroad has been restricted in recent years
because of over-production, the feeds needed for milk production,

in particular, have had to be produced on farms. Silage made from
various grassland plants and feed grains has in fact become an
important type of fodder. Fodder crops have been boosted with heavy
nitrogen fertilizing, in particular and the protein content of
fodders has alsoc been raised. About 25-30 tons (c. 4,000 feed units)



per hectare of silage raw material is obtained. As far as the
mechanization of milk production is concerned, we can say that
practically all farms of over 20 ha have a milking machine and
70-80 % of farms with 10-20 ha. The figures are from the early '70s
and since then mechanization has increased. Efficient milk produc-
tion also calls for efficient fodder production, and this makes ‘
mechanization essential. One of the basic problems of milk produc-
tion at the moment is in fact how to produce the necessary fodder
with little human labour and without raising machine costs too much
at the same time. Mechanizing the fodder production chain, which
ihvolves equipment for harvesting, transporting and storage, demands
a great deal of capital. The sconomic use of such equipment would

mean having much larger units than today's dairy farms.

Traditionally beef has been produced as a side product with milk.
At the moment the trend is towards specialization in beef praduction,
too, and the number of farms producing only beef is increasing.

Two different types of production can be seen in both pork and eggs.
For instance, half the pork produced comes from small pig farms
where production often uses less advanced equipment. The present
trend is towards larger units in which feeding and the removal of
manure are arranged mechanically and ready-mixed feeds are used.

The mixed feeds are bought or made on the farm, The larger units

aim at cutting human labour with machinery and their number is
growing. It should also be noted that in the last few years the mean
carcass weight has been around 70 kg. It is calculated that about

5 feed units are needed per kilo of pork.

Egg production follows roughly the same lines. In the early years
of the '70s, the period of the most recent data, about 80 % of

all eggs came from poultry farms with less than 1,000 chickens.
More larger units have been set up in recent years. The average
yield is about 13 kilos a year and 3-3,5 feed units are estimated
to be needed to produce a kilo of eggs. Broilers are raised mainly
in rather large and efficient enterprises.



d. Technical development and farm management

Technological progress makes additional demands on the farmer's
professional skill and on farm management. The increasing applica-
tion of technical developmehts favours specialization and this
makes for more risks. Likewise, marketing becomss more impoftant. In
some fields technological production leads to contract production
and some prdblems can be solved through cooperation between farmers.
As a rule, the applicétion of more technology always increases the
need for capital. The factors mentioned above necessitate more

planning in agriculture.
5. Use of human labour in agriculture

Mechanization is reducing the need for human labour in agriculture
all the time. For instance. in 1974 about 230 man hours per arable
hectare were put in throughout the country. On bookkeeping farms,
whioh are more efficient than average, the corresponding figure in
1974 was 175 hours per ha, and in 1965 the figure was as much as
260 hours. At the same time production has intensified. The
following shows the amount of human labour used in 1974 on book-

keeping farms in south Finland in the various production lines:

South Finland
Bookkeeping farms

10-20 ha over 30 ha

Dairy farms
Direct work 291 h/cow 184 h/cow
Indirect 160 ”» 118 "

Total : 451 " 302 ”

Pig farms ‘

Direct work 26 h/head 12 h/head
Indirect 1z " 8
Total g8 20 "

Poultry farms (24.1 ha/2115 hens)
Direct work 115 h/100 hens
Indirect 56 "

Total 171 "

Grain farms

Direct 50 h/ha 29 h/ha
. Indirect 44 " 20 "

Total 94 " 4 "



These figures show that the size of enterprise has a major influence
on the néed for labour. At the same time it should be noted that
these farms are not fully specialized. For instance, specialization
is about 85 % on predominantly dairy farms (measured on the basis
of total gross returns) and 75 % on pig farms. Correspondingly,

the gross return from plant cultivation on grain farms is about
50-60 % of total gross returns and on poultry farms the gross retum
from eggs is about 80 % of the total. The labour figures include
the necessary feed production and the labour needed to produce

products other than the main product.

If there is sufficient specialization the need for human labour is
obviously lower than suggested above. For instance, with normal
mechanization and with a herd of about 30 cows, about 80 man hours
of dairy work are needed per year. Similarly, on a pig farm with
300-500 fattening pigs about 0.8-0.6 hours of human work per pig
for slaughter are needed if there is modern machinery. On a 3,000-
5,000 chicken poultry farm the figure is 45-35 min. per chickeén per
year. On farms with 20-40 ha the cultivation of spring grain takes
about 20-15 hours per hectare, grass-growing 50-40 hours, and potato-
growing 160-140 hours. The need for human labour is decreasing
because of the spread of machinery and equipment. Similarly, some
work which used to be done on the farm is now done either by the
trade or the food industry, which cuts the amount that has to be

done on the farm.

6. Part-time farming and other incomes

Income from forestry and other non-farm earnings play an important
role in the finances of the Finnish farmer. According to the results
of all bookkeeping farms, in the last few years 61 % of the farmer's
net income (income minus expenditure) came from agriculture, 23 %
from forestry and 16 % from other outside sources. The importance of
forestry and other earnings varies from area to area and on farms of
different sizes. Farmers with 5-15 ha on average do ébout 250-350
hours of work in outside occupations and on larger farms the figure
is 150-200 hours a year. The amount of part-time farming is growing.
According to the figures for 1969 there were slightly less than
300,000 farms (over 1 arable ha) in the country and about 240,000
farmers who worked regularly on the farm (more than 150 days). On

all farms, the outside occupations were as follows:



Work outside agriculture Number of farmers
per.year _ .
1 - 9 days o 4,988
10 - 49 days : 23,445
50- 149 days . 31,230
150 days or over 50,109

Due to mechanization the need for human labour in agriculture is
decreasing and this makes it possiblé for farmers to work outside

agricultural sectors.

The above showed how 1arge a farm a normal family can operate with
modern technology With specialization in milk production and a
farm of the maximum size given (30-45 ha) the total labour contri-
bution of the family throughout the year is used for agriculture.

In beef and pork production and the corresponding case (50-80 ha),
about 40 % of the family's labour cannot be used and in grain
farming (100 ha) even more. Thus even if the size of farms increases
in future, many farmers will still have time for work out31de agri-

culture,;esp801a11y in w1nter.

7. Benefits from technical changes

Technical changes can be seen clearly in agriculturé in the decrease
in the human labour needed and in the increase in the capital needed
for production and the role played in gensral by inputs that are
purchased. In addition, the yields have risen remarkably. The
effects of the whole process can be evaluated from the point of view
of the economic result of agriculture or its productivity, for
instance. The monitoring of developments is complicated by rapid
changes in prices and wages and other such factors. The economic
result of agriculture in real térms in the last few years, on book-
keeping farms for instance, has been the same as in the mid '60s or
slightly lower. Of course, it has to be pointed out that the
economic result has been rising slightly in the '70s. There are

also differences in the economic result between the various sectors.
Farms specializing in milk production show a lower result than those
specializing in e.g. grain; pork and eggs. The rise in the net
productivity of human labour in agriculture in the '50s and '60s

has averaged 2-3% pef year according to several surveys. Taking



annual fluctuations into account, the average rise in productivity
in the '70s is in the range of 3-4 %. There are considerable annual

fluctuations in productivity and profitability figures.

A number of surQéyshaVe aimed at caICUlating the marginal produc-
tivity of the most important production factors on the basis of
material from bookkeeping farms. This research applies to various
sectors of production and farms of various sizes. For the marginal
productivity of human labour figures between 1 and 2 have been
obtdained, i.e. one hour of human labour raises gross returns by at
least the cost of the hour if other factors remain unchanged,

The marginal productivity of the machinery input in grain farming
ih geheral and with specialization in certain crops is 1-1.5. In
livestock production the marginal productivity of machinery ranges
between 0.6 and 0.8. The mérginal productivity for bought feeds and
fertilizers is between 1 and 2.5. The research concerns 1959 and
1971 and the results for both years are similar. Thus mechanization

and other technical advances are profitable on the average.

There are a number of farm model studies which aim at assessing

the effect of technological change on the ménagement of farms. Farm
models have been used to study the effect of new technology on graoss
return, praduction costs and economic result. Separate studies have
been made of milk, grain, pork and egg production with a farm size
of 10, 25 and 50 ha. The results indicate that the improved techno-
logy with which some modern farmers experimented already in 1973-
1974 gives a better result than generally applied production teéhno—
logy. The improved technology also led to a rise in yield levels of
crops and livestock. These studies would seem to show that technical
advances as a whole have been in the right direction. At the same
time, though, 6ne can easily point to individual cases in which it
has been uneconomic for a small farm to huy some expensive machine
or piece of equipment. In any case, technical advances continue to
be made. If farmers are to get the maximum benefit, more thought
about the applications of technology is needed, though.
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PRODUCTION COSTS OF MILK AND GRAINS ON FINNISH FAMILY FARMS

Joukeo Sirén

Agricultural Ecoenomics Research Institute, Finland

Abstract: Agricultural production in Finland takes place
on relatively small family farms. Among the different
products milk plays the most important role and animal
production totals up to 80 per cent of gross returns from
agriculture.

When investigating the profitability of production on farms
varying size or production efficiency, production cost
calculations often are used. Both ordinary production
expenses and interest claim on total capital invested in
production are included in the production cost concept.

The level and structure of costs of milk and grains which
both are important lines of production are explored in this
paper.

In milk production the production costs decrease with
increasing farm size. This is due to the more efficient use
of capital input and human labor. The milk price equals to
the production costs of the farm having 20-25 cows and
using modern production technology.

In grain production capital costs play the most important
role. On large farms the use of machinery is more efficient

which reduces both capital and human labor costs. Depending

on the crop produced, the producer price equals to the
groduction costs of farms having 40-60 hectares of arable
and. :

It was found that the structure of costs is strongly affec-
ted by the line of production. Similarly, the cost level
decreases with increasing farm size arising from opportuni-

of

ties of larger farms to use modern technology more sfficiently.

By developing the farm structure into larger units it is
possible hoth to increase the farm family income and to

decrease the price of food through more efficient use of
inputs.



1. Agricultural production and
the stage of specialization

Agricultural production in Finland takes place mainly on family
farms, for less than 4 per cent of total labor input in agricul-
ture consists of hired labor. The avefage size of farms, having
at least 2 hectares of arable land, is in the whole country about
11 hectares, a little higher in the South and a little smaller

in the East and North. About 60 per cent of farms have an average
size of under 10 hectares and 7 per cent only more than 25 hec-

-~ taraes,

Animal production plays an important role totalling up to 80 per
cent of gfoss returns from agriculture. Milk's share is about

one half of the value of animal production. The existing produc-
tion structure in Finland is effected by climatic conditions which
are the most limiting factors with respect to the extent of plant
cultivation and plént composition. '

Traditionally Finnish farms produce many products. This has to
relatively great ektent quaranteed the self-sufficiency of farm
families in food. Also the risk can ba décreased in diversified
production enterprises. However, the drastic decrease of farm, popu-
lation has necessarily led to the necessity of using human labor
more rationally, which is now possible with new improved produc-
tion technology. 1In consequence of this development, speciali-
zation, the producing of only one or a few products bn a farm,
has been increased in recent years. A short summary is given in
the following to show the extent and structure of the most impor-
tant lines of agricultural production. ,



Milk

Every second Finnish farm has cows and the average size of the
herds is 6 cows. The distribution of farms according to the size
of the herds was in 1974 as follows: )

under 4 cows 45 pesr cent of farms
-5-9 " 42 -"-

10 or more " 13 -7 -

In the 1870’'s, about 8 per cent of milk producers, mostly on small
farms or in the southern part of the cbhntry, annually have given
up milk production, moved to other enterprises or changed the

line of production.

Beef, pork and poultry

Most beef is still produced on dairy farms as a by-prddUct.
There are, however, according to estimates about 2000 farms
spetcialising:in-ordihary.beef production.' Calves are mostly

supplied to these farms through the organized agency of slaughteries.

The development of feeding and production technology in the animal
husbandry sector has been most rapid in pork and poultry production.
In these sectors there are family farms having even more than

10 000 hens or 2000 pigs. The average size of piggeries is in

any case still quite small. 1In 1974 there were pigs on 10 per cent
of all farms and 90 per cent of these farms had abiggery accomo-
dating less than 100 pigs. At the same time 20 per cent of all
farms had poultry and 90 per cent of these had less than 500 hens.

Grains

Farms specialising in grain production are situating mainly in
the South, which is a suitable area both for fodder- and brsad-
grains, such as spring wheat and rye. Winter wheat is cultivated

in the south and southwest coastal areas. The average size of



farms is in South Finland 15-18 hectares. Bread-grain farms,
‘however, are generally larger than farms on the average. Grain
"in Central, East and North Finland is mostly cultivated for feed-

“ing farm animals.
2. Production costs of milk and grains
a. Methods and data

In spite of Specializationfin farming it is.usual that farms are
still to some extent multiproduct enterprises and produce one
product only in spebial cases. When production costs of only

one product are examined, difficulties often arise when dividing
e.g. capital costs, which are common to the whole farm. To elimi-
nate these difficulties production costs and their structure can
best be examined on farms which ars as far as possible specialized
to produce ‘only one product.

To investigate the profitability of farming in Finland book-kegping
was commenced in 1912. Nowadays there are altogether about 1000
farms 'in different parts of the country which keep records of

the economy of farming. These records are the primary material

 for investigating the economy of Finnish agriculture at farm

level. Book-keeping statistics give quite a good picture of the
average Finnish farm. However, their efficiency level is some-

what higher than on an average farm.

Because of lack of data farm models are often used e.g. when
studying changes in profitability of production caused by price
changes or when comparing the relative. profitability of different
products with each other. Even if models are to some extent

' theoretical they can be made to correspond very well with a

real farm.



Production costs for some agricultural products are examined in

the following according to the book-keeping statistics and farm
models.

b. The production cost concept

The concept of business results in agriculture is not the same
-in all countries which,of course,makes it difficult to compare the
results of these countries. 1In all the Scandinavian as well as

in many Central European countries the following production cost
concept is in use (table 1).

Table 1. Some concepts of business results of agriculture

Gross return
Material Depre- Wages E Other | Value of family Pro*its Interest
costs ciation { paid costs | (incl. operator) claim on
! labor . capital
Production expenses Return to capital
T
7 / ./_/ L
Production < 74 cost
R sy
T
D S
Opsrating costs Farm family income

As is seen in table 1, the production cost concept includes both

. . 1) . C s .
ordinary production expences (materials, depreciation and repairs
to buildings and machines, wages paid as well as value of farm
family labor and other costs) and also an interest claim on total
capital invested in resp.production. When the.interest claim on
total capital is inc}uded in the production cost concept, a Farm
can be ’ :

Y

1) Taxes are not includedin production costs becuse no possibility

exists to split up the taxes among the varions activitizs of the
farm,



compared with any other firm or investment which is supposed to
give interest on invested capital. Concerning the interest rate,
theminimum target can be the rate which is paid on bank deposits.
In the official Finnish book-keeping interest of 5 per cent is

used.
¢. Production costs for milk

Milk production is based mainly on home-producsd feed, dry hay,
.silage, pasture and fodder grain. To satisfy the mineral, vitamin
and protein reguirement fodder preparations, however, are needed.
So the land area of the farm often sets limits an herd size.

Table 2 shows some characteristics of farms specialising in milk

production

Table 2. Some facts of book-keeping farms specialized in milk
production in South-Finland in 1875.

Size class, hectares
under 10 10-20 20-30 over 30

Size of farm, hectares 7.5 14.8 23.6 35.4
Cows, animal units 4.9 9.8 12.9 19.2
Animals tetal, " 747 14.3 20.8 28.5
Yields:

Milk yield kg/cow 5440 5197 4905 5375
Crops, f.u./hectare 2636 3061 3193 2892

Percentage distribution

of arable land

Grain 39.0 37.3 ° 38.0 43.6
Green fodder 57.1 58.0 58.9 53.3
Other .plants 3.9 4.7 " 3.1 3.1
Total 100.0 100.0 100.0 100.0

Use of human labor

Animal husb. h/anim.unit 261 201 154 126
Crop cultiv. h/hectare 112 87 54 46
Total in agric. " 416 299 203 166

Tractor work, h/hectare 33 27 26 24




Many kinds o¥ machlnery and equipment are needed on dairy farms
with sal? supportlng feeding and therefore smaller farms do not
have equal access to the sfF1c1ant use of modern technology as
large milk- ptdeclng farms. As can be seen from table 2, on book-
keehﬁ@ farims having less than 5 cows, the human labor input per cow
is about double compared with that of farms with 20 cows. Decrsase
of human iabor in crop and feed production is even more striking.

Production cost

p/1
200 «
180
160 1. 'Book-keeping farms
Interest ac
140 1 ciaim 18% , l
4 . Farm models
120 p......p.-.n'... " ..-.00...’-..196 oo Pr o > e ORI PO O
Depreciation] 25% r—
100 9 and repairs 20%
24% e
L
80 22%
d
%0 1 Human 36% ™
labor ° 372%
40 9
4 Materials e
201 and other |19% 23% 28%
costs . . , — . y—ty
T 5 8 10 16 20 25 30 32

number of cows/farm

Figure 1. Production cost level of milk on book-keeping farms and
farm models of varying size and its distribution in 1975,
The dotted line chows the producer price on milk.

The curves in figure 1 show the production cost level of milk on
farms operating on two different officiency levels in 1975, The
upper curve, book-keeping farms, rspresents relatively well the

prevailing situatieon on Finnish dairy farms.' On the other hand,
the farm model curve corresponds to the cost level, when modern,
rational production technology is used. ODetailed unit cost structure
of milk on farms having 8, 16 or 32 cows is alsco presentad in the
figure.
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The most evident observation is that unit cost in milk production
decreases with increasing farm size. On small farms. the producer
price.of milk is lower than total unit cost even if government
subsidies are paid to smaller farms. Among the different cost
items such as seed, fertilizers, industrial feed, fuels etc. have
an equal monetary share in production cost regardiess of farm
size. On larger farms, however, cost of human labor is essentially
lower both in monetary and proportional terms. This is due to

the more efficient use of techhology. Investments in buildings,
equipment and machines have been succesful because the total
capital cost item accounts, irrespective of farm size, for exactly
the same proportional share, 42-43 per cent of production costs.
Interest claim on capital invested in milk production represents

one half of total capital costs.
_ d. Production costs for grains

Some facts on book-keeping farms specialising in bread-grain
production are presented in the following table 3.

Table 3. Some facts on book-keeping farms specialising in bread
. grain production in South Finland in 1975

Size class, hectares

10-20 20-30 over 30

Size of farm, hectares | 4 15.2 25.3 59.7

~Percentage distribution | |
of arable land

Rye o ' 4.8 1.6 11.2

Wheat . 54.3 57.6 43.6

Barley - 14,2 9.7 16.0

Oats 9.9 8.4 7.7

Other plants | 16.8 12.7 " 21.5

Tptal - 100.0 100.0 100.0



Yields, kg/hectare

Rye 2283 2782 2778
Spring wheat 3204 3351 3506
Barley 3167 3345 3455
Dats 3721 2155 2693
All plants, f.u./hectare 3801 3758 3842
Use of human labor
Crop cul. ivation, h/hectare 50 43 23
Total in agric., " 94 67 43
Tractor work, h/hectare 17 17 13

About 90 per cent of arable land on bread-grain farms is used for
grain. Wheat plays the most important role in South Finland.

In addition to this fodder-grains for sale are oftenicultivated.
Production of fodder-grain or grain for seed is very often based

on contracts between farmers and marketing organizations.

The use of human 1abqr in grain production, compared with that on
dairy farms, is essentially lower. While labor is needed mainly
during the sowing and harvesting periods, farm families are in

winter free for other activities or enterprises,

The use of human labor is affected by production technology which
is normallyon ahigher level on large farms. As can be seen from
book-keeping statistics, the human labor input decreases rapidly

on larger farms.

Among the different cost items capital costs play the most
important role as is seen in the figure 2. Because of a short
groewing period, many kinds of machinery are needed even on small
farms. On a farm having 20 hectares of arable land, capital costs
total about B0 per cent of all costs. On larger farms the use of
machines and equipment is more efficient which, of course, reduces
the share of capital cost. However, even on an 80 hectare. farm
depreciation and repairs account for 29 per cent and interest
claims for 24 per cent. Accordingly total capital costs total

to 53 per cent of production costs. As can be seen from figure 2
the proportional share of ordinary production materials increases
with increasing farm size amounting to about one third of produc-

tion costs.
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Production cost

p/kg
IDD'-F
G desewacanvansaceansn geo-=e Bread-grain farms (models) -
g0 J Interest claim -"““--.._
‘ . 23 % s :
---"““-.h | Bookkeeping farms i —

20 4 T %all grains)

no"-.'o'on.q“-'-'i'..o;l-oo- covadensemosewan] eaecose o0 e S 24°%
60 < 1 -+ | Fodder-grain farms T

. (models)

50 9 Depreciation |35 % 34 % 29 %

and repairs
40 'P , .

fuman ‘

11 % %

30 - labor , 1 10 %
20 4 Materials and  fan o .

other costs 03 32 % 37%
10 + %

e RS [ . . . . LI,
i0 20 30 40 50 60 7Q 60

Size of farm in hectares

~Figure 2. Production cost level of bread- and fodder-grains on beok-

keeping farms and farm models of varying size and its
distribution on tread-grain farm models in 1975. The dotied
lines show the producer price of grains (bread-grains 90 p/kg

and fodder-grains 66 p/kg).

When comparisons are made betwseen costs and producer prices of grains,
if is found that the producticn costs of both bread- and fodder-grains
are higher than on small farms. In bread-grain production, the price
equals the production cost on farms having 40 hectares or more of
arable land. In fodder-grain production the corresponding farm size
would be 55-60 hectares.
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3. Some conclusions

Backgroundand methods of production cost concept are discussed
here with examples of cost level and structure in milk and grain
production on Finnish family farms. It is seen that the structure
of costs is strongly affected by the line of production. On dairy
farms human labor plays an important role and it often limits

the size of farms. On farms producing grain, on the contrary,
capital costs are the most important jitem and in poultry and pork;
production, which are not discussed here, material costs such as
feeds etc. may total 70 or 80 per cent of all production costs.
Thus price . increases for machines, feeds, labor etc. have an
influence on total production costs, which is different depending
on the line of production. Taking the cost structure into
consideration is very important for example when specifying the
producer pfice level of different agricultural products.

Some guidelines on the profitability of production are also found
in production cost calculations. On large farms the cost level
is essentially lower than in small production units. This is
caused by the more efficient use of technology and human labor.
By developing the farm structure into larger units it is possible
to increase the living standard of farmers. Also from the
consumer's point of view as well as that of the entire national
sconomy it is important to decrease the price of food with mors
efficient use of inputs. Howevsr, the actual production cost level
on small Finnish farms is high and the farmers themselves have
only limited resources for new investment. Therefore, one of

the most important tasks in Finnish agricultural policy will be
to develop farm structure and provide financial aid both for
investment in and enlargement of farms.
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On Methods for Forecasting Production and Cansumption of

Agricultural Products
Markku Nevala
Agricultural Economics Research Institute, Finland

Abstract. Some alternative methods recently developed

for forecasting production and consumntion of agricul-
tural products are discussed in this paper. Methods used
in practical forecasting of aericultural phenomena vary
from simple guesses to sophisticated mathematical and
econometric techniques. Accordingly, the field this naper
deals with is wide and systematic description of all

the methods is impossible in this shart paper. Therefore,
it only concentrates upon a few methods, which - - in the
author's opinion - - are to be considered relevant alter-
natives when planning systems for predicting production
and consumption of agricultural products. They are 1)
classical econometric models, 2) stochastic models for
single time series, and 3) recursive proeramming models.
This presentation does not attemnt to pive any complete
description of the technigues mentioned above. Instead,
the introduction of these technigues is mainly made by
illustrating some of their applications which may be

of interest from the standpoint of practical forecasting.

1. Introduction

A number of different techniques for forecasting agricultural pro-
duction and consumption have been developed in the past. They range
from simple guesses by experts to complex econometric and mathema-
tical techniques. The abundance of forecasting tools reflects the
problems that, in general, exist.in forecasting phenomena interes-
ting from the economic standpoint. On the other hand, this vast
array of different techniques alse implies that there is no single
technigue which is superior to other methods in every forecasting
situation: the method which has proved to be the best in forecasting
the behavior of a certain economic system, may not be equally effi-

cient in the case of some other system.



There is no criterion to determine beforehand which technique will
be the most adequate for a given forecastine assignment.The predic-
tion performance of a given model can, in practice, be tested

only on the basis of results from empirical forecasting in a real
situation. Accordingly, this paper does not include any assessments
of the validity of different techniques nor recommendations for

the choice of forecasting methods. It only tends to describe the
main characteristics of three different apprecaches that have been
used for forecasting the phenomena of the agricultural secfor:

1) classical econometric models, 2) stochastic models fer single
time series and 3) recursive preoeramming models. However, we have
to point cut that the paper does not attempt to give any thorouesh
nresentation of these fechniques. It has been written by an aeri-
cultural economists, who is no expert in the thsory behind the
models, but who has gained some expefience through the application

of certain of these methods to forecasting.

2. Econometric Models

2.17. General

Econcmetric models are - - among more sophisticated forecasting
techniques - - obviously the most common approach to predicting

the future development of agricultural systems. The basis of a fore-
casting assignment is an econometric model or a single relation
which in one way or another describes the structural relatiecnships
between the variable(s) we are interssted in (dependent variable(s}}
and independent variables. Accordingly, the first question to be
considered is concerned with the way econometric models are built
for forecasting purposes. As to selectine independent variables,
causal relationships and so-called economic laws provide a eood

starting point for model buildine.

However, the efficient use of the model for forecasting the future
development of the phenomena under study imposes additicnal restric-

tions on the choice of independent variables. An ideal forecasting



model should be such a one that the values of its independent
variables should be actually observed values and not forecasts
obtained through other available fechniques. This means that all
the predetermined values should be lagged at least by the leneth

of the prediction period. When the forecasting horizon is rela-
tively short, this requirement can usually be . fulfilled gasily.
However, when we are interested in long-term predictioh, this goal
conflicts with the recommendation that the model should be based

on sound causal relations between variables, This dilemma has led
to the use of recursive models in forecasting long-term development
(i.e. to the use of chain principle in forecasting, see WOLD 1364).
In the followine we will briefly discuss the models and the problems
of short-term and long-term forecasting without definineg the time

horizons of these two apprrnaches exactly.

2.2. Model Building for Shart -term Forebasting

The short-term nrediction of aepricultural phenomena is still even
today of great importance for many putrposes. It provides fresh in-
formation, for example, for the basis of the day-to-day decisions
policy makers have to make in implementing agricultural policy. Also,
farmers and processing secters are usually interested in the short-
term market outlook etc. The models and the problems of short-term
forecasting of various apricultural phenomena may differ remarkably
from each other mainly depending on the nature of the phenomena
under study and also on data availability. For example, predicting
changes in apricultural land utilization pattern in one year per-
spective is evidently quite a different problem from predicting

the same change in livesteck oroduction, Accordingly, there is no
general type of econometric model to be used for all kinds of short-
term forecasting, but rather the structure of models and the nature
of predetermined variables varies. In the following there Will be

a short description of the models used in the short-term forecasting
of livestock production in Finland.



Due to the time requirements of production, livestock censuses

and related statistics form a good starting noint for short-term
livestock precduction forecasts. Models based on the data mentioned
above are demoegraphic by nature. Production in period t is hypot -
hesized to be a function of the number of animals in different

age categories at the time of census.

Likewise, hatchings of eggs as well as the numbers of sows and

cows inseminated during the appropriate time period may serve as
predetermined variables in short-term production forecast models.
Hence, the ccefficients of these models mostly reflect technical

relationships of the sector in question (turn-off rates).

As an example of a short-term production forecast model we illustrate
below the econometric model which has been developed for forecasting
epgg output in Finland. The model is based on the quarterly time

series data for hatchings:

b.H +b H

5HL-5*bg *b,H

H 7M-7" Vg

+bH +h,H

(2,10 Qp = by+byHy _,¥bgH, _4+by

t-4" £ -6

where

t = Current quarter and (t-i) relates to the laegged period
Qt= Quantity of eggs marketed in period t
Hy.; = Number of chickens born in period t-i (i=2..7)

bi = Coefficients to be estimated

u, = Random variable

The model basically states that the quantity of eggs marketed is

a function of the total laying flock in period t. However, because
the rate of lay and other factors are different for layers of
different ages, the flock has been divided into different ace groups

indicated by chickens born from 2 to 7 quarters earlier. The



coefficients in this model indicate the contribution of these ape
groups to the total quantity of eggs marketed in period t. Thus,

they reflect many factors influencing egs output such as the rete

of lay, mortality and cullineg in each are ¢roup. Also variables

other than hatchings could be included in the model such as varia-
bles indicating profitability development (ep¢-feed price ratics), sea-

sonal dummies, frand, etc.

Egg quentities can be predicted for two quarters forward with this
model using only actually observed values of the predetermined va-
riable (Ht_i]. Likewise, forecasting in one year perspective requires
extrapolating hatchings for only two additional quarters. Under
normal conditions this has not proved to be too difficult.

Models which are in principle of this type can alsec be built for
cther livestock products. The most relevant factors influencing

the reliability of forecasts are among others 1) the reliagbility

of livestock censuses, for censuses may show in some cases signi-
ficant errors, 2) as to forecasting meat production, incorrect es-
timates of the develooment of breeding herds may also lead to er-
roneous forecasts, and 3) variations in the technical coefficients

of the model due to price changes and feed supplies.

2.3. Model Building for Long-term Forecasting

Also in the agricultural sector, the time horizon of nlanning is
generally moving farther into the future and, accordingly, the
importance of long-term forecasting of aericultural phenomena
increases. In addition to single equetions, the models most fre-

quently built for longer-term prediction are recursive by nature.

A recursive model for predicting egg production in Finland is given
below as an example of the type of econometric model which can
be used for longer-term forecasting (see; NEVALA 1876). The semi-



annual model is

3 3

SPt = a1fz_b1 21 PR +b T b1402T b15D2+u1
icD :

KK, = a+3

£ - az§£2b21ispt-i'bzszTt*bzspRt*b2402*”2

1:

SK, = SK, _,%SP, KK,

TS, = a,*byq (K +0.58P, 4 =0.5KK )b, T+b, gD, *uy

where subscript (t-i) refers to the.periods and SP and SK = the number
of chickens and layers respectively at the end of period. KK = the
number of culled layers and TS = egeg production. PKT and PR = the
price of ergs and feed respectively, T = trend and D2 = seasonal dummy.
Thus, the equations form a typical causal chain: the model assumes
that the number of chickens purchased in period t depends on the
prices influencing profitability. The number of culled layers, on

the other hand, is related to the number of chickens lageed 2-5 peri-
ovds. Epp nroduction is then hypothesized to bs a function of the
current laying Flbck, in which the chanpe'in period t naturally de-
pends on the number chickens purchased in period t-1 and the number

of layers culled in neriod t.

The only relevant independent variables whoss yalues have to be nredicted
for the predidtion period are prices for eeggs and feed. The other
independent variables are either lageed ones or their values are
generated by the other equations of the model. Our experience with
this model sugeests that egg output can be predicted relatively
accurately for 2-3 years. The cumulative nature of forecasting errors
usually leads to a detericration in the performance of the model

beyond this forecast horizon.



3. Forecastine with Stéchastic Models for Sirgle Time-Seriesj)

Different kinds of stochastic models have also been applied for
predicting the production and consumption of agricultural products.
A number of models of this type have been developed recently. Re-
latively much attention has been paid to the models develoned by
BOX and JENKINS (1970). They deal with linear stationary models,
in which the residual process is a stationary process. They also
have demonstrated methods for transformine nonstationary models

to stationary ones. The essence of their approach is that the data .
(=time series in question) is used for identifying and estimating
random components in the form of moving average and autoregressive
processes. Thus, it does not identify and measure structural re-
lationships as is attempted when forecasting with econometric mo-
dels.

Stochastic model building can be divided into three stages: 1)
identification of the model 2) estimation of the parameters, and

3) diagnostic checking (=is the model adeguate?). The purpose of
identification is to explore and determine which kind of model best
fits the time series data. There are two main stages in the iden-

tification process:

1) Checking the stationarity of time series under study. Sometimes
time series have a slope of a certain tyrme. This kind of non-sta-
tionary series is first transformed tc a stationary one bv diffe-
rencing original time series Xt as many times as is needed to Dro?
duce stationarity. Usually the first or second difference is enough
for this purpose. By differencing we are able to reduce the pro-
cess +to a mixed autoregressive, moving averaee model of the order

(p,g) which can be written in the e¢eneral form as

~ee.=f_A

(3.1) Zy=0qZy g=enmopZy = ApfiA Pt -g*

t 717t-1 t-1

1)This approach is also called by some authors parametric time

series modeling (see, SCHMITZ and WATTS 1970).



whers

Zt = The d'th difference of the time series under study Xt“ Usually
the first or second difference (Xt—Xt_1 and Xt—ZXt_1+Xt_2,
respectively) is sufficient to produce a stationary model.

At = Random series of normal deviates, each with zero mean and
varianceig

¢ and f = Parameters to be estimated.

2) In the second stage we identify the resulting mixed éutoregressive,
moving average process. The difference series Zt is exnlored by means
of the autocorrelation function and the partial autocorrelation func-
tion to find out the exact form of the model that best fits the time
series data (the procedure is described in BOX and JENKINS 1970).

In practice, models with few narameters have usually nroved to be
adequate enough to describe the process generated the time series.

After the model has been identified parameters c and f can be esti-
mated. The estimation method aoplicable to these models is a compu-
tationally difficult iterative procedure including nonlinear esti-
mation. Special computer programs have been made for estimation of
these models, but they are not dealt with in detail in this short
paper. A very important part of model building is the diagnostic
checking of the estimated model. If the model seems to be adequete,

it can be used for forecasting of future values of Xt.

In order to illustrate the type of stochastic models recently deve-
loped and applied to forecasting, we refer te the models constructed
by SCHMITZ and WATTS (1870). They compared varicus models for fere-
castinp wheat yields per acre (dencted by Xt) invterms of the per-
formance of the models in ferecasting actual develooment. One of the
models they estimated, was a mixed autoreeressive, moving averare

‘model of.order (2,1):

A -F,A

(3.2) L, ~c t-2 = £ 1 t_~1)

£Cq7

£-17C27



where

(3-3)‘ Zt = Xt-xt_qb

in which Xt= orieinal observetions and At= a purely random nrocess.
Parameters to be estimated are Cqs Cp and F1n In order that forecasts
can be made, equation (3.2) may be written in terms of actual
observations by substituting equation (3.3) in equation (3.2).

We obtain:

(3.4) X= Ve, )Xy _y+leymeg X omooXy 3*AL~F AL

Equation (3.4) exnresses the value of X in time t in terms of past
values of X, parémeters and purely random inputs. Thus, after es-
timation of the autoregressive and moving average parameters and
residuals, forecasts of wheat yield can be made by substitutine
observed values of Xt__i (i =1 ... 3) and by setting the residual
at time t equal to its expected value of zero. In this way, the
values of Xt can be forecasted for as many period as necessary.

One of the most imnortant requirements for successful forecasting
with these models is that there shruld be no structural changes
in the preocess that has generated the values of the time series

under study.

4. Recursive Programming Models

4.1. Generoal

Different types of nrogrammine models were developed for forecasting
agricultural production in the 1960's as alternatives to econometric
analyses, Much attention has been naid to representative farm prog-
ramming (i.e. deriving aggrepsate resmonse from the surply functions
of representative farms through the use cf the programming models;
see SHARPLES 1969). Programming models in general, as argued by

DAY and others, had certain advantages over econometric models in
forecasting production response (data nroblems are eesier to solve,
they may be more effective in dealing with dramatic changes in tech-
nology and aericultural polidy, etc.). Howevar, in spite of an anp-

ealing idea -- to nredict aggregate responss via micro route -- the



empirical applications of the renresentative farm prceramming were
not very successful. The main difficulties in this approcach were
unrealistic firm-level assumptions, selection of renresentative
farms, changes in farm size, interdependence and also computa-

tional problems.

Recursive programming (i.e. the introduction of flexibility con-
straints into rerular programming models) was first used as a simple
alternative when efforts te build all the behavicral constraints

explicitly into the response mendel led to unsatisfactory results.

4.2, Characteristics of Recursive Programming

According to DAY (1961 and 1962), the recursive pregramming model
has been desiened in an ettemnt to simulate the reactions of agri-
cultural nroducers to chanpes in various socio-economic forces
affecting the nroduction of agricultural oroducts. Thus far it

has been used meinly for forecasting agricultural land utilization
patterns both at the aggregate and regional level (see; SCHALLER
and DEAN 1865, SAHI and GRADDOCK 1974).

Recursive programming consists of a sequential chain of recurring
linear programming problems, in which the parameters of the model
in time (t) depend on the soluticn in time (t-1). This relationship
is created through flexibilty constraints described later in this
paper. Thus, the recursive proeramming deals with the nositive dy-
namics of decision making by describine the process of coptimizing
over a limited time horizen on the basis of knowledge of the past.
Decisions in time (t) are viewed in terms of deviations from the

existing nreoduction patterns in period (t-1).

Recursive programming attempts to reflect the fact that farmers wish
to maximize incomes. However, they do so with regard to the un-
certein nature of the environment. Their yearly resnonse may be

influenced by a number of interacting forces such as (seej; HEIDHUES,
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18681} :

1) Multiperiod nroduction processes

2) Investments in durable assets may lead to rigidities
in adarting to new conditions

3) Sunply of money bapital changes due to variations in
the income, consumption and savine of farm families

4) Learning process is usually necessary when adcpting
new technologies

5) Fixity of land and labor on small farms trends to restrict
the mobility of these factors

6) Time requirements of the nroduction nrocesses

7) Uncertainty about future agricultural policy direction,

etc.

The interaction of these forces generally leads to smaller nroduc-
tion changes over time than might be exnected otherwise. In

the~rv, such behavioral constraints could be built explicitly

into the programming model. However, the emnirical efforts have not
been very successful mainly due to the fact that these forces are
diFFicult to measure. Flexibility constraints were considered a very
simple way of tryineg to reflect this comnlex array of fectors. Ge-
nerally these constraints specify that production in any year t can
deviate from the nrevious year's (t-1) predudtion only within spe-

cified limits,

We can illustrate recursive propramming with the following simple
aggregate medel, which has been developed for forecastine agricul-

tural land utilization necessary toc maximize net farm income:

Find non-negative xj which

max T7Tit) = 21(t]x1(t)+...+25(t]x5(t)
t=1...7T
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subject to

xp () + x,(£) + xq(£) » x,(£) + xg(£) % A(t)
< + -
x4 (t) . S (1eb ) (E)x, (£=1)
x5 (t) T Uby) ()%, (E-1)
<1+ -
x5(t) S by ) (E)xg(£=1)
< -
x4(t] = (1*b4)(t)x4(t 1)
xg(t) S(1+bg) (E)xg(t-1)
. -
x4 (t) : Z01-b, ) (8)x, (£=1)
>(1-b -
x5 () Z01-b,) (£)x, (£=1)
>(1-h -
x4(t) | (1 bsl(t)xa(t 1)
>(1-B -
x,(t) . - b4)(t]x4(t 1)

>ra_r -
xg(t) Z(1-B5) (£)xg (-1

where
77 (t) = Total net return in year t
xj(t) = Acreage of jth crop in year t (j=1...5)
zj(t) = Net return ner acreage unit of jth crop in year t
Alt) = Total land availability in yeer t

(1+bj)(t) and (1-Bj)(t) = Flexibility crefficients of the
acreage of jth crop in yser t

Given the values of X3 in year t-1 and the flexibility coeffi-
cients, we can generate the right hand side values of the
constraints. Aftsr that, the medel can be soclved for xj(t) using

ordinary sclution methods for linear nrogramming problem.

The first constraint expresses the total land restriction, and
the last ten equations are the flexibility constraints for
activities xjn The first five of them state that xj in year t
shall not exceed xj(t-1).by more than bj(t)xj[t-1) and the

last five equations on the other hand state that Xj in year t
shall not fall short of xj(t-1) by more than Bj(t)xj(t‘1).
‘There is no reason why bj(t) should equal Ei(t)u As can be

seen from the model, the flexibility coefficients are amone the
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most important factors influencine the solution of the model. That
is why, the main question in the recursive nroeramming is the
determination of flexibility coefficients. Accordingly, much

attention has been paid to this problem.

4,3, Estimation of Flexibility Coefficients

A number of alternative wayS have been develoned to determine
flexibility constraints. They ranee from informed judgement to
estimation by statistical technigques (see; SCHALLER and DBEAN,
1965 as well as SAHI and GRADDOCK 1974). Some of the most common

methods are:

1) Flexibility caefficients estimated as averages of positive
and negative nercentaces changes in the past and the different

variations of this annrocach (maximum changes, etc.).

2) Estimation of flexibility ccoefficients by general least

squares models

(4.1) xj(t] xj(t-1) + chPj(t-1) t oo

= 0 * Cj1 Ui

where Pj is the price of jth crop. The model may also include
other variables. This model can be used to develop flexibility
coefficients by snlitting the data into two subsets and performing
two regressions. In this case, the flexibility coefficients (1+bj]

and (1—bj) are estimated regression coefficients for Cj1 and c,,:

J1
(4.2) 59 = (1+bj) for xj(t):>xj[t-1) increasing years
(4.3) 59 = (1-5j3 for xj(t)‘ng(t-1) decreasing years

One may also adjust the flexibility coefficients by standard
errors. These standard errors may be either 1) the stancdard error

of regression coefficient c.

1 or 2) standard error of the estimate
of ﬁ(tln '

3) Use of a single least squares equation tec derive both bounds.
In this case, a least squares point estimate nlus and minus some

function of the standard error serves as upper and lower bounds.
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4) Recently SAHI and GRADDOCK have developed an interesting
technique for derivine the flexibility coefficients. According
to their scheme, the flexibility coefficients (1+h,) and (1—Ej)
are estimated directly by using the followineg least squares
equation

(4.4) xj(t)

- = C. * C, . =1)e..tu,
x (£-1) jo eyt e e
]

The time series data are split into two subsets: increasine vears
and decreasing vears. When the reeression is estimated for increa-

sing years, the estimate of the derendent variable

(4.5) x,(t)
_— - (1+b,1(¢)
xj(t-1]
is the flexibility coefficient to be used for determinins the
upper bound of the activity xj when solving the model fer year
- t. Similerly, the lower bound for activity xj is derived by
estimating the flexibility coefficient (1- b ) (t) on the basis
decreasing years
(4.8) x,.(t) -
—_— = (1-b ()
x, (t=1) J
J
Since the Flexibilitv coefficient is in this case the dependent
variable itself, the flexibility coefficients (1+b )J(t) and
(1- b J(t) are different every year. To define F18x1b111ty coeffi-
01ents in sq1v1ng recursive programmine problem, one needs only
to plug in values of the variables on the right hand side of the
model (4.4) for every successive year. Since it is assumed
that in model (4.4) cj1dLU, a larece flexibility coefficient
would be sstimated if xJ(t-1) were small. Likewise, a small flexi-
bility coefficient would result if X (t-1) were large. This kind
of nature of flexibility coeFFlclent seemg t0 be very appronriate

assessing on the basis of producers’ possibilities to chance
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their oroduction volume in these sifuations. One drawback of this

procedure is the additional computational work. One may also argue
that these models could be quite accurate predictors of supply

in themselves. On the gther hand, this mgthod also uses predicted

values to estimate flexibility parameters and errors may cumulate

as a result.

Many economists argue that factors in addition to the production of
preceeding years should be used in estimating the flexibility |
coefficients. These variables include the prices of the product and
its main comnetitors, weather, and some index of technoloey. For
example, SAHI and GRADDOCK used variables of this kind in deriving
the flexibility coefficients for their model. They also compared
the empirical prediction performance of the method they developed
with that of certain sther methods for deriving flexibility coeffi-
cients. According to the tests of nerformance they used (Theil's
inequality coefficient U1 and comnaring turning point errors) their
own method seemed to perferm best (SAHI and GRADDOCK 1874, n. 358).

There are some other interestine anplications of recursive orogram-
ming esnecially in ?orecasting the acreage of different crops
(SCHALLER and DEAN 1965). Their study is also the most recent one
available, in which the performances of the recursive programming
and econometric models have been compared with each other. They
stated that econometric supply response models in general performed
somewhat better than recursive progremming models. However, in si-
tuations‘where important structural changes or technical changes

are expected, the latter method may serve a very useful nurpose.
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PRODUCTION FORECASTS
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Abstract. The forecasts of agricultural production for Finland
presented in this paper are based on a) per hectare yields of
different crops, b) the development of feed use efficiency in animal
production and c) consumption projections of agricultural products.
The forecasts are usually conditional, based on various assumptions
of future agricultural policy. They are also preliminary, because
the research project has not yet been fully completed.

The yields per hectare in crop production will increase about 1.5
per cent per year on the average. The total yield of crop production
may even be higher if production shifts to those products whose

vields are higher than the average.

‘The feed conversion efficiency in milk, pork and egg production will
improve about 0.5-1.0 per cent per year.. For beef production no improvement
is assumed due to the facts that the average slaughter weights will
rise. The production forecasts are based on consumption projections
and various self-sufficiency targets. Therefore, the forecasts may

be called targets predictions and, accordingly, they are normative
by nature. Milk production cannot evidently grow from the present
level, but has rather to decline 10-20 per cent. Since beef produc-
tionlis connected to milk production - to the number of dairy cows -
beef production will stay at the present level or will decline
slightly. Pork and poultry production will grow 46 and 127 per cent,
respectively, whereas egg production has, obviously, to decline about
15 per cent due to marketing‘difficulties.

Taking into account the consumption of grains, potatoes, vegetables,
and other plant products, the total use of soil production would be
about 200 mill. feed units.

Since the total crop production will be about 6400 mill.feed units in
1985, there will be a difficult overproduction situation, if no
action is taken to withdraw more land from production.



I The background for the study

l. Introduction

The need for long term production forecasts has been realized on
many occasions. The decision makers in the public sectoer need them
for the setting of production targets and for the practising of
every day agricultural policy. Forecasts of the equilibrium of
production and consumption are needed for the preparation of the
state budget. Production forecasts are also valuable to the
distribution and processing sectors for the planning of investment.
A private farmer may also utilise production forecasts in choosing
the appropriate production line in order to avoid marketing diffi-

culties.

Production forecasts for Finnish agriculture have been made both

in Finland and in international organisations, but they have been
trend projections and have not taken into account the special
features of Finnish agriculture. Therefore the Agricultural
Economics Research Institute together with the biological-technolo-
gical research institutes began a research project for forecasting
agricultural production. It has been partly financed by the Ministry

of Agriculture and Forestry from special funds.

2. The structure of the research project

The forecasts of the yields per hectare in crop production serve

as a basis for the whole project. They were made by the Plant
Husbandry Department of the Agricultural Research Centre. The total
plant production (in feed units) depends, of course, on the per
hectare yield and on the cultivated area of each product. No fore-
casts of the total area cultivated are made because the total area can
be considered as a policy variable which is dependent, among other
things, on the equilibrium of production and consumption.

Another important sub-project consists of the efficiency of feed
use forecasts. The milk output per cow is increasing, which means
that the ratio of feed input per unit of cutput is decreasing. Feed

conversion efficiency is alsoc improving in pork and egg production.



The same is perhaps true for beef production but since the average
slaughter weight is increasing, the actual feed use efficiency may
not improve. In the long run feed conversion efficiency becomes
quite important. - The Animal Breeding Department of the Agricul-
tural Research Centre prepared the forecasts for this purpose.

Based on these two sub-projects, forecasts for yields of plant
products and forecasts for the efficiency of feed use, the final
production forecasts are made. Because it is possible by means of
price policy to guide the production of some products such as
grains, pork and eggs, production predictions have?be made by using
alternative policy assumptions. There may be certain internal
factors in agriculture which determine the development of production
to some extent (for example in milk production), but the predictions
of production are mainly conditional, i.e. predictions are based

on certain policy assumptions. On the other hand, if all arable land
is cultivated. the equilibrium or lack of equilibrium of production

and consumption has certain policy implications.

Production predictions can also be made by utilising consumption -
predictions if they can be considered to be independent of each
other. For example, the production of pork or eggs can be adjusted
to consumption rather easily. In fact, the use of consumption fore-
casts is the only meaningful way of making production forecasts

for pork and eggs. Of course, the desired self-sufficiency ratio

can be taken into account when using this method.

Finally, a balance sheet of feed supply and feed use in animal
production gives valuable information concerning the equilibrium

of production and consumption. However, no attempt is made to
determine whether overproduction should be directed a) to grain
production and exported as such or b) to those animal products which
are economic from the point of view of exports or c) overproduction
should be curtailed by withdrawing more land from production. This
is a subject of a further study and it requires more knowledge of

the development of world market prices.



II. The preliminary results of the study

Since the study is not yst completed, only preliminary results can
be given. They may change later on, but it is hoped that they will
give an overall view of the future development of Finnish agricul-

ture.

3. Yields per hectare

Projections of the yields of the most important products were made
by the Plant Husbandry Department of the Agricultural Research
Centre (table 1). They were not made by dsing a standard method,

but rather by utilising various earlier studies, field experiments,
and subjective consideration and views obtained from various
sources. This kind of mixed method wigkghosen for it was thought
that pure mathematical methods cannot/into account certain factors
such as the possible shortage of energy and raw materials in the
future. It is possible that the pace of biological and technological
development has been underestimated and the predicted change will

turn out to be too small as has been the case quite often earlier.

Table 1. The yields for main crops in 1975 and 1985.

1975") 1985 Change

kg per ha per cent
Winter wheat 3020 3280 g
Spring wheat 2680 3040 13
Rye 2210 2670 21
Barley 2510 2950 18
Dats 2470 2900 17
Potatoes 14030 19500 39
Sugar beet 29700 33000 11
Hay (dried) 3910 4300 10
Silage 13190 21500 : 12

1)Trend values from years 1971-75.



There are many factors which improve the crop yields. The use of
fertilizers is assumed to increase slightly from the present level,
even though it has been decreasing during the last two years due

to the rapid rise of fertilizer prices. The improvement of fertili-
zer placement technigues can also be considered a factor that will
raise yields. Plant breeding is obviously less sensitive to economic
fluctuations, so it is also likely to increase yields. The spread
of existing new varieties also guarantees a certain increase in
yields. The increasing use of pesticides as well as education and
intensified advisory service are also improving yields. Weather

is, of course, one of the major factors causing the annual
variations in yields and it may also have long term effects. It is,

however, impossible to predict these.

The predictions show relatively small increases in yields. There-
fore, they cannot be considered unrealistic. In fact, they were
reached as early as 1976 due to favorable weather conditions. The
average increase in yields depends on the areas of the various
crops in 1985. By using the areas for 1975 the increase in yields

is on the average 15 per cent or 1.5 per cent per year.

4. The efficiency of feed use

For the animal production predictions it is important to know how
much -feed is needed for each type of animal production. On the other
hand, it would be necessary to examine, what type of feed will be
used in the future, but in this connection we have to make do with
the total use of feed, measured in feed units. - Predictions of the
development of feed conversion efficiency were made by the Animal
Breeding Department of the Agricultural Research Centre and

Agricultural Economics Research Institute.

The most difficult task was to determine what is the actual level
of feed use per unit of output; it seems to be easier to make fore-
casts for the development of feed use efficiency. The estimates are,

however, preliminary and further research is needed on them.



Table 2. Feed use per unit of output in animal production
in 1975 and 1885,

1975 1985
Milk f.u per 1 0.84 0.80
Beef f.u per kg 12.0 12.0
Pork "= 5.3 4.8
Eggs -"- 3.3 3.0
Poultry (meat) -"- 7.5 ' 7.5
Broiler ___ ____Zl- .. 3:2 .. 2:9_ _______
Horsesq) f.u per year 2000 2000
Sheep1) -"- 575 575
1)

For horses and sheep, feed use estimates are made for live
animals only.

As to the methods for determining the feed use coefficients it may

be mentioned that in the case of milk production, only the feed

use for the maintainance of a milking cow is included in the figure
but not the feed for the replacement of a cow, which is included

in beef production. It has been estimated that the improvement

in feed use efficiency in milk production has been about 0.5 per cent

per year and this trend is assumed to continue.

Feed use in beef production is assumed to be constant due to the
'rising average slaughter weight. Othervise, it would also improve.
The rise of average siaughter weight depends on the profitability
of beef production and thus, it cennot be predicted very well. In
order to promote beef production, a premium is paid when the
slaughter weight is over 160 kgn This will be continued and it

allows us to assume that slaughter weights will increase.

Feed use in pork and egg production is in principle simpler to
determine than that in milk production though not necessarily easy.
Research is usually directed to the marginal efficiency of produc-
tion whereas for our purpose, the average feed use for the whole
pork production is needed. The figure in table 2 also includes,
therefore the feed required for pig production. In egg production,

the feed for the raising of hens is included in the poultry meat



production. A great proportion of hens dies during the production
period and since no meat is received in this case, that part of feed
use required for the raising of hens is included in the egg produc-
tion. Again, the level of feed use in pork and egg production is
somewhat questionable but the trend should be rather clear.

 Feed use for the production of poultry meat consists of raising

a chicken to laying maturity and is therefore higher than that for
a broiler for which an economic slaughter weight can be chosen.
Feed use in both lines of production has been constant in recent
years but it 1s also assumed %o deeline in the future.

For horses and sheep, it is more reasonable to estimate the feed
needed to keep them alive than to try to estimate feed use in meat

production.

5. Predictions for animal production

In addition to the biological development there are many factors

in animal production that. cannot be dealt with separately of the
agricultural policy practised. Therefaore, the prediction of animal
production is a very complicated task and no unconditional predic-
tions can be made. The attempts to maintain overproduction within
certain limits will evidently guide animal production in Finland.
Predictions are in that sense useless. For example, there are
certain suggestions for production targets for 1977-79, the exceeding
of which will punish agriculture economically so heavily, that the
targets are at the same time a kind of prediction.

5.1. Consumption predictions

If the production targets are set as self-sufficiency ratios as has
been suggested, consumption predictions will form a basis for
production targets and predictions, too. For that purpose, the
consumption predictions for the main agricultural products were

already made at an early phase in the research project. They are



Table 3.

1965/66,

Wheat

Rye

Barley

Oats

Potatoes fresh
Potato flour

Beef

Pork

Poultry meat

Eggs

Milk:
Fluid milk (1)
Sour milk (1)
Cream (1)
Dried milk
Cheese
Butter

Margarine

Sugar

Calories per day

(kilo joules)

Protein grams per day

Fat grams per day

The per capita consumption
1970 and 1875 and

1965/66

52.7
26.3
4.8
3.
100.

o+~ O

20.
15I

w H O O

284 .9
18.6
4.9
1.5
3.5
17.7
4.5
42.9

2807
(11752)
8l.1
107.3

1970
48.7
23.2
3.5
2.8
80.4
2.2

20.8
20.6

0.8
10.4

219.4
35.1
5.7
2.3
4.3
14.4
7.3
43.9

2651
(11089)
80.8
112.6

1975
46 .4
22.1
2.8
2.5
70.8
2.9

24.2
26.7

2.4
10.9

238.4
38.5
5.8
3.0
6.1
13.3
8.5
38.5

2461
(10303)
87.2
120.3

of agricultural products in
forecasts for 1885, kg.

1985
40
20
3

2.5
60

2.5

23
35

5
13

206
40
6
4
8.5
10
10
40

2584
(10819)
89.3
117.8

not unconditional either, for by means of price policy, it is

possible to guide consumption, too. One of the important factors

determining consumption is the price ratio of butter and margarine,

which is used for regulating the consumption of butter and margarine.

The prediction has, thus, to be based on the assumption of a price

ratio. Because butter still has a considerable share in the diet,

an error made in forecasting its consumption is felt also in the

consumption of agricultural products of domestic origin as a whole.



Margarine, namely, is mainly made from imported raw materials, and
as such, less input (measured in feed units) is needed for margarine
than for butter.-Here the assumption is made that the price ratio

will be constant.

Another essential assumption is made in the case of the price ratio
of. beef and pork which it is thought will continue to develop in
favour of pork. The reason for this is that the supply of beet will
not increase if the number of dairy cows declines as was explained
garlier. Beef imports cannot be considered desirable due to the
balance of payments problems. The shortage of beef supply will,
thus, force the price of beef upwards and demand for meat will
shift to pork.

The consumption of cereals is predicted to decrease slightly due

to the increase in the consumption of animal products, for the
total calorie intake is likely to be stable or to decrease somewhat.
The consumption of potatoes is decreasing for the same reason.
Nutritional knowledge would suggest that more plant products
instead of animal products should be consumed. People may become
more aware of this and so, the predicted rise in the consumption

of animal products may not materialize. The forecasts may be
considered to favour producers and may be too optimistic even

though they are certainly possible to obtain.

5.2. Production of milk

Milk production still accounts for about 45 per cent of the total
revenue from agriculture, so it has a central role in these fore-
casts. Unfortunately, it is difficult to make predictions for milk,
because there are many factors opposed to each other. Milk produc-
tion is of long duration by nature, for raising of cattle reguires
time, and investments, and building investments in particular are
difficult to transfer to other lines of production, etc. Therefore,
short term Fluctuations?%ot indicate the true develaopment of milk
production but rather the development has to be analysed by using

a longer time span.
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Milk production can be guided by many methods of which price,
investment and social policy measures can be considered the most
important. Working hours, as well as summer holidays and weekend
arrangements have become crucial for milk producers. Cattle bind
the farmer to his holdings every day of the year,which does not
fulfil the modern requirements of a 40 hour working week very well,
In recent years there have been some advances in this problem area
and now a farmer may get a 10 day vacation but this may not be a

sufficient incentive to young farmers to take up milk production.

New investment in building are needed for milk production in
Finland, because most of the cow-sheds are old and too small for
modern production techniques. All necessary investment may not be
possible to finance and this means that the number of dairy cows
will decline, but it is difficult to quantify this decline.

The sizeable rises in the producer price of milk will evidently
have a positive effect on milk production. Moreover, the real
producer price of milk has to be kept at the presant level, if the
income level of farmers is to rise (as it certainly will), because
milk pays such a central part in Finnish agriculture. - As a result
of the increased price of milk, production rose last year, even
though the depression of the whole economy was also a reason for

that: other sectors could not absorb labor from agriculture.

Milk production per cow has increased steadily and the trend is
rather linear or about 75 1 per year. This can also be expected
to continue during theée next 10 years. According to the projectian,
the average yield per cow will be 4850 1 in 1985. If there are
750 000 dairy cows in 1985, the total milk production will be 3638
mill. 1. This will be about 50 % more than the present milk

consumption as a whole.

There is no room for an increase in milk production because
consumption of milk as a whole is likely to descrease. World market
prices for milk products cannot be expected to rise because over-
production is predicted to get worse in the developed countries.

Thus, export subsidies per unit of exports will grow. The self-



sufficiency ratio of milk cannot be alloweJ?%et higher than what
is is now or about 130 pér cent. As a matter of fact, the target
will obviously be lower, or perhaps 120-125 pef cent, or even ‘
lower. To be truly self-sufficient, the ratio has to be more than
100 per cent due to seasonal fluctuations of production and

consumption.

If we assume 120 per cent self-sufficiency, the production target
for 1985 would be 2580 mill.l1 (440 1 per capita consumption per
year, population 4.88 mill.). As the average yield per cow will be
4850 1 in 1985, the 2500 mill. 1 of milk can be produced by

530 000 cows. If consumption were to stay at the present level of
500 kg per capita, milk production would be 2930 mill. 1, which
requires about 600 000 cows. The latter figure is llkely to be
the 'upper limit for the milk production target.

The natural development would seem to help in attaining this goal.
The linear trend for the number of cows suggests that there will
be about 550 000 dairy cows in 19B85. This kind of development can
occur, if no strong action is taken to change it. But taking into
account the need to keep the milk market in a manageable equilib-
rium, the decision makers have no choice, but to let the number of
dairy cows go down. The rise in the average yield per cow slows

down the decrease in milk production. -

The structural change in milk production has a considerable effect
on Finnish agriculture. In 1960 about 70 per cent of farmers
produced milk, bhut in 1975 the corresponding figures were already
less than 50 per cent. If the average size of herds, which in 1975
was about 6 cows, were to be for example 10 cows which is still
rather small, it would mean that in 1985 there would be only

50 000 - 60 000 farms producing milk or only half of the present

figure.



5.3. Meat production

The production of beef will mainly depend on the number of dairy
cows, for there are still few beef herds in Finland. Since the
number of dairy cows will fall, fswer calves than previously will
be available for beef production. The rise in the average slaughter
weight will counter the decline in the number of animals slaugh-

tered.

Slaughter weights can be raised by, among other things, giving up
the slaughtering of small calves, which is, however, already rather
small. Price policy has been tried as a means for increasing
slaughter weights. A premium on a slaughter weight over 160 kg is,
for example, paid in order to promote heef production. According

to trend development, the average slaughter weight will be about
200 kg in 1985,

Depending on the number of dairy cows (530 000 - 600 000) beef
production may be 95-108 mill.kg or it could be lower than at

the present.

For pork production forecasts can be made only on the basis of
consumption, because production can be adjusted to the prevailing
market situation. Again, the self-sufficiency ratio is decisive for
the production target. If it is set at 110 %, which can be conside-
red reasonable to secure the food supply, pork production should

be 185 mill. kg in 1985. No attention is then paid to the cyclical
fluctuation of pork production.

Predictions for the production of poultry meat have to be made on
the basis of consumption forecasts, because productioh can be
assumed to satisfy domestic needs. The consumption forecast presen-
ted earlier means a production of 25 mill. kg in 1985 of which
about 22 mill. kg will be broiler.

The production of other meats e.g. horse meat and mutton is
expected to decrease slightly, but no forecast is made here. More-

over, they have only a small share in the total meat production.



5.4. Production of eggs

The production of eggs has exceeded the domestic consumption by
60-85 per cent in the last two years. Since international egg
markets are unstable and the world market prices are very low,
policies are constantly formulated to check and reverse the growth
of egg production. A special éommittee suggested in 1976 that the
self-sufficiency ratio of eggs should be gradually lowered to 130
per cent within three years. A long term target might be 105-110
per cent self-sufficiency. Egg production should accordingly
decrease about 30 per cent from the present level by 1985 or it
should then be about 70 mill. kg. It is possible to adjust produc-
tion to this lower target, but since there is going to be quite

g2 lot of ovefoapacity in Finnish agriculture, it is possible that

the egg production may occasionally exceed the target.

5.6. Total production of Finnish agriculture

By combining the production forecasts of animal production and the
feed conversion coefficients we get an overall look at the Finnish

agricultural production as presented in table 4. As has been

Table 4. Animal production and feed use in 1975 and 1985,

1975 1385
f.u/kg Production Feed f.u/kg  Production Feed
mill. kg mill. f.u mill. kg mill.f.u

‘Milk 0.810 3164 2562 0.773 2660 2056
Beef 12.0 112 1344 12.0 95 1140
Pork 5.3 127 673 4.8 185 888
Eggs 3.3 80 264 3.0 68 204
Poultry 7.5 4 30 7.5 3 23
Broiler _ 3.2 _________ 2 e 22 2.9 ______ 22 . 64_______
Horses "’ 2000 382 76 2000 3p%) 50
Sheep') 575 562 32 575 502 29
Total 5003 4454
1)

For horses and sheep, the annual use of feed is estimated

2]'000 of horses and sheep



emphasized earlier, the predictions are still preliminary and
conditional in many respects. The study is still going on and
"better” results will be obtained later on.

The level of total feed use may be somewhat inaccurate, but the
future development should be as predicted. Past history supports
this view. The decrease in feed use is about 11 per cent, of
which about 6 per cent is due falling production and 5 per cent
due to the improvement in the feed conversion efficiency. Milk
production has, of course, a central role in the total balance
sheet. Feed use in milk production falls about 500 mill. f.u

of which 80 % is caused by falling production. If milk production .
were to stay at the 1975 level, the total feed requirement would
be about 50 mill. f.u greater than in 1975. This also includes
beef production of 112 mill. kg. Consumption of pork would then

be a little lower than in the original forecast.

No forecasts were made for horses and sheep. Their numbers are
decreasing even though there have been attempts to slow down the

development and reverse it.

The consumption of plant products (grains, potatoes, sugar etc.)

is about 730 feed units. This has to be added to the consuhption of
animal products to get the total consumption measured in feed units.
In 1875 the net consumption was 5140 f.u and according to the predic-
tions about 43800 f.u in 1985.

So far, no attention has been paid to the production of grains and
other crops for human consumption. The self-sufficiency ratio points
in the direction of about 110 per cent, even though it could be

a little higher due to large production variations. The self-
sufficiency of sugar cannot be raised from the present 40-50 per
cent, but production of 0il seeds could be increased so that it
would correspond to the domestic requirement. At present it is only

about 20 per cent of total consumption.



The production of feed-grains (barley and oats) should exceed
domestic use by 5-10 per cent in order to secure the smooth

development of animal production.

If we draw up a total balance sheet of animal and plant production,
we arrive at a production of 5200 mill. feed units. This is much
less that what can be produced. If all arable land were kept under
cultivation in 1985 total plant production whould be about 6400 mill.
feed units. Supply would be 23 per cent in excess of predictions
and the over all export requirement would be about 2320 mill. feed
units. This is the approximate situation in 1976-77 after a good
yield in 1876 which corresponds to the trend estimate of 1985. If
self-sufficiency in agriculture is to be kept within the planned
limits, the only solution to overpfoduction would seem to be to

withdraw from production about 20 per cent of the arable land.
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