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FORERORD

The study on the relationship between milk production and price variations
has been undertaken in the framework of the study programme of the
Directorate—General for Agriculture of the Commission of the European

Communities.

This volume contains five reports: four Member State reports - each of them -
covering two different Member States = and one summary report for the

Community.
The Member State reports have been prepared by the following authors:

The report for Germany and Denmark (abbreviation: D/DK) by
Professor C.H. HANF, University of Kiel.

The report for France and Italy (abbreviation: F/IT) by J.M. BOUSSARD,
Maitre de Recherche, with the assistance of 1. FOULHOUZE, Ingénieur de
Recherche, Institut National de la Recherche Agronomique (INRA),

Laboratdi:e d'Economie et de Sociologie Rurales, Paris.

The repbrt for the United Kingdom and Ireland (abbréviation UK/IRL) by
‘Professor G. JONES, Oxford University.

The report for Belgium and the Netherlands (abbreviation: B/NL) by
Professor P.C. VAN DEN NOORT, Agricultural University, Wageningen.

The summary report for the Community has been prepared on the basis of a

comparative analysis made by Professor P.C. VAN DEN NOORT.

The Division "Reports, studies, statistical information, documentation” and
the Division "Milk products” of the Directorate-General for Agriculture
participated in the work.



Original language: English.
All authors prepared theilr contributions directly in
English

The present study does not necessarily reflect the views of the Commissjion
of the European Communities in this area and in no way anticipates the

Commission's future attitude towards this matter.
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Farmers the world over, in dealing with costs, returns and risks,
are calculating economic agents. Within their small individual,
allocative domain they are fine-tuning entrepreneurs, tuning
so subtly that many experts fail to see how efficient they are.
T.W. Schultz
Distortions of
Agricultural
Incentives (1978) p. 4
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I. Introduction

Within the Community support system, the price of milk paid to producers
is based on the target price for milk delivered to dairies which is fixed on
an annual basis by the Council of Ministers, 1In fixing this price, the objec-—
tives of the Common Agricultural Policy have to be taken into account. Over
the last few years, two objectives have been important in fixing the price

level
— to ensure a fair standard of living for the agricultural community

- the need to stabilise markets.

While a great deal of information is available on the effect of producer
price levels on producers' incomes, the same cannot be said on the role of
the target price and, therefore, producer prices on stabilising markets,
especially on the supply side of the stabilisation process. This study has as
its aim to review progress which has been made in individual Lember States on
the response of milk supply to changes in producer price levels and to develop
economic models which can explain the relationship between these two variables
within a practical range. The relevance of such a study needs hardly to be
emphasized at a time when control of agricultural surpluses has become of

major concern throughout the Community.

Main features of milk production in the EEC

I'ilk production plays a dominant role in European agricultural production.
Accounting for some 20 ¢ of the total agricultural output, milk is produced
in nearly all regions of the Community. According to a study carried out
recently for the Commission of the ECI) milk production represented more

than 15 < of the total agricultural output in more than half of the (80)
luropean regions; in 17 regions this fisure was more than 30 % and in 5
(Basse Normandie, Franche~Comté, South West England, South of Ireland and
Central-West of Ireland) even about 40 to 50 % of total regional production
in agriculture. Figure 1 (density of dairy cows in the different regions)

and figure 2 (milk collections by regions) give an idea of the specialization

for and concentration of milk production at a regional level in the Communitye.

(1) Study on the regional impact of the common agricultural policy, study
carried out by a working group of experts from 7 Member States. Synthesis
report by P. Henry, S.FeDeBEeS., Paris, December 1980



Figure 1
Dairy cows per 100 ha Agricultural land
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Looking at the evolution during the "Community period" (1964/65—1976/77)

the following five important regional trends are noted in the study :

~ a relative decline in milk production in the large scale capital

intensive crop production regions (Paris region, East Anglia);

~ concentration in milk producing areas; for example the West of PFrance
(Brittany, Pays de la Loire), the Netherlands, the Rhine~Rh&ne corridor,

Southern Germany;

-~ increased share of milk output in agricultural incomes in the three new

Community Members (Denmark, Ireland, United Kingdom) after 1973;

- a relative distribution of milk output in several Italian regions with

little previous experience in this field (Lazio, Molise, Apulia);

— an increase in milk production in the French mountain areas (Auvergne,

Limousin, Midi-Pyrénées).

In 1977 nearly 2 million farms of tho Community were involved in
milk production. The average number of cows per farm was around 13.
But the structure of dairy farming in the EC is extremely varied :
alongside very large holdings there is a big majority of small farms
operating near the subsistence level. A breakdown of the number of farmers
according to the size of their dairy herd is given in table l. It shows
that, in 1977, 57 % of the farms kept less than 10 cows while, on the
other hané, only 3 % of the dairy farmers owned more than 50 cows, There
are, however, important differences between the Member States : 33 %
of the dairy farmers in the UK had more than 50 cows, but only 0,6 %

in Germany.

If one were to regard 30 dairy cows as the minimum standard for a profit-—
making dairy holding, only 10 % of the holdings would have met this
requirement in 1977, but they produced 40 % of the total quantity of

milk in the Community.

This situation explains to a large extent that one and a half million
farmers stopped producing milk in the last decade. Between 1973 and
1977 alone, the number of dairy farmers fell by 20 % or roughly half a
million holdings. This happened despite the unfavourable general
economic climate in which high rates of unemployment made it difficult
for farmers to move to other sectors of the economy. It thus appears
that this structural trend will continue, albeit at a slower pace.
Most of the milk producing farms that stopped production were too
small to ensure reasonable profit and income levels to their holders,
Indeed, the number of farms with less than 20 cows was reduced by

almost 25 % between 1973 and 1977, and the number of cows in this size
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class diminished by some 20 % In contrast, the number of dairy farms
with more than 60 cows increased during the same period by nearly 25 %,
and the number of cows in this olass almost doubled (see tables 2 and

3 in the statistical annex at the end of this synthesis report).

In spite of these important structural changes the total dairy herd in
the Community has stabilized at around 25 million heads over the last
ten years (see figure 3, first graph). At the same time total milk
production in the EC has clearly increased (figure 3, graph 3 and

zable la in the statistical annex). Production in 1979 was about 35 %
above the level of 1960 and 17 % above the level of 1970, This inorease
in aggregate milk production is due to a continuing increase in milk
vields per cow. Since 1960 the average annual increase in yields has
been 1,5 % Over the last few years however, the increase has actually
sathered momentum and since 1975 has been almost 3 % Today the
average Furopean cow produces annually about 4000 kg of milk as against
an average of 2400 kg in 1950, 3000 kg in 1960 and 3400 kg in 1970
(figure 3, second graph). The factors making for thiﬁ“a considerable

increase in milk yield per cow may be mainly described’follows 3

~ better stock selection : including the use of artificial insemination,
which now accounts for more than half the pregnancies and whose object

is to develop milk production qualities in the animals bred;

- efficient disease control measures :; tuberculosis and brucellosis, two
diseases which have for a long time heen the scourge of dairy cattle,

have been successfully eradiocated;

- modern accomodation and equipment : the advent of a new type of cubicle -
usually equipped with manure removel scrapers and the use of herring=
bone parlours, may roughly be compared with the advent of the combine
harvester and the tractor, which also ushered in a minor revolutione
Mechanical milking has almost completely replaced milking by hand.

Thus there is a greater number of cows per labour unit;
~ improved care of the cattle and better feed increase production per cow;

~ more rational production and use of green fodder, new production
techniques and types of rough fodder and better storage in silose. The

increased use of fertilizers is also boosting grass production;



Figure 3
MILK PRODUCTION IN THE COMMUNITY
(1960-1985)
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- lastly, the extensive use of fodder concentrates The milk producer
has in fact at his disposal unlimited quantities of fodder from
outside the farme It is estimated that a good 20 % of milk produc—
tion originates from imported fodders which are processed into
fodder concentrates; the milk fodder concentrate price relationship
has indeed heen very favourable in the past and has thus inevitably

led to steadily increasing consumption of this fodder.

The growing importance of these factors for milk production are, to a
large extent at least, linked to the siructural changes we mentioned
above, i.es the tendency towards concentration of milk production in

relatively big units with intensive production methods,

It should, however,not be forgotten that considerable differences still
exist between the Member States and between the regions within indivi-
dual countries. The Netherlands, for example, would appear to be in
the forefront of the new trend : almost half of the cow herd is said
to be already housed in cubicles and almost 40 % of the milk yield is
said to come from fodder concentrate., In this country, where the
prass and grazing area constitutes barely 2,5% of the corresponding
Community area, about 11 % of the Community's milk is produced. The
average milk yields per cow are with more than 6000 kg per year the
highest in the Community (see table 4 in the statistical annex)s 1In
constrast, milk production is much more extensive in Ireland. The
traditional farm holding as an independent and self-reliant unit with
its own grazing areas is typical for this country whereas the utiliza~

tion of fodder concentrates is of low importance until today.

A more detailed analysis of national (and sometimes regional) pecula-
rities of milk production will be found in the different country

reports, Table 2 and figure 4 place the Member States of the Commue
nity in the wider context of the 0.E.C.Des countries and thus allow us
some more general comparisons of trends in milk production in the Western
world. Apart from a few exceptions all O.E.C.De. countries had

(sometimes quite cpnsiderable) increases in total milk production and
average yields per cow between 1960/62 and 1975/77. Cow numbers
decreased in more than half of the countries, but in most of the cases
these decreases have clearly been overcompensated by increases in the

average yield per cow.
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Table 2 : Trends in Milkproduction in the Western World 1960=1977

Country R A e e
Milk Cow Yield Real milk

produotion numbers per cow price
Belgium - 8 - 5 - 3 - 12
Denmark - 17 - 26 + 26 + 14
France \ + 37 + + 37 - 8
German + 12 - T + 20 - 10
Ireland - + 64 + 27 + 25 + 51
Italy - 2 - 16 + 17 + 53
Luxemburg + 32 + 27 + 5 Nele
Netherlands + 49 + 33 + 11 - 18
United Kingdom + 22 - 13 + 21 - 19
Total EEC + 21 - 0.3 + 22 Ne B
Austria +13 =10 + 26 - 26
Finland - 10 - 34 + 37 + 17
Iceland + 19 - 5 + 24 Nele
Norway + 15 - 36 + 78 - 2
Sweden - 17 - 44 + 50 + 27
Switserland + 11 - 7 + 19 - 17
Greece + 98 + 17 + 64 Neae
Portugal + 59 Ne B Ne 2 Nede
Spain + 86 + 24 + 50 - 25
Turkey + 33 + 33 (0] Ne2e
Yougoslavia + 70 + 34 + 27 NeBle
Canada - 6 - 32 + 38 + 64
U.SeA. - 5 - 36 + 41 + 15
Japan +149 + 123 + 9 - 31
Australia - 11 - 28 + 2 -~ 28
New Zealand + 20 + 5 + 15 - 6
Total QOsEeCeDe + 13 - 9 + 24 Nede

Source adapted from OECD, Milk production and producer prices, Paris 1980
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There seems to be a relationship between the changes in cow numbers

and the changes in milk yields as indicated in figure 4: The larger
the decrease in cow number the higher the increase in yield. The reason
for this could be that with decreasing herds (e.gs as a consequence of

quota systems)n
— the less productive animals are slaughtered first and

- marginal farmers who work under poor oconditions leave their

business,

Both, the microeconomic effect of cow selection and the macroeconomic
effect of structural change would appear to lead to increases in the

average yield,

The same type of reasonning could also be valid for the reverse case
of inoreasing cow numbers, but figure 4 is less clear

for this case.

Recent trends confirm clearly the picture of the past : Milk production
continues to inorease even in countries where producer prices for milk

have been reduced considerably in real terms.

There are various reasons for the overall expansion of milk productione
One may think of changes in prices for inputs and outputs (for milk

and alternative produotions), of technical progress and structural deve~
lopment as well as of governmental policies and actions. Changes in
milk prices are therefore only one variable in a whole bundle of factors
which influence -~ sometimes in quite contradictory ways — total milk
productions It would appear that during the last ten years technical
progress and structural development together played a predominant role
in this context in Europe. They maintained the profitability of milk
production for those who were able and willing to follow the new trends,
even with continiously decreasing real prices. To a certain extent one
may interpret the reduction of prices in real terms as the way in which

consumers benefit from technioal progress.

1) Williams, ReE. "Milk produotion and producer prices, OECD, Paris
1980 (Agr. TWP 3 (80)4)
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II -~ Relationship between milk production and price variations

1. The notion of the price elasticity of supply

According to the observations made in part I one of the main
difficulties to quantify precisely the relationship between milk produo=
tion and price variations for milk is established by the fact that these
price changes are only one faotor among others influencing the behaviour
of producers, This problem will be examined in more depth in the
following paragraphs.

In a first step one may think of expressing the relationship between
milk production and producer price variations for milk in form of a
supply function where the milk production (the supply) is regarded as a
dependent variable changes of which are caused by changes of an inde=
pendent variable, the milk prices ¥n other words : Milk production
would be expressed as a (mathematical) function of milk prices. To
illustrate the point such a function is represented by the supply curve

in the following diagramme (Figure 5).

producer ? Pm
price for
milk
supply curve
P
4P,
Pm1 ____________
Q
m

milkproduction

Figure 5: example of a supply curve



This is, of course, a very theoretical and static approach. It
indicates for a given situation how much production will increase
with increasing and decrease with falling prices and is based on

the assumption that all the other influencing factors will remain
constant ("ceteris paribus clause").

The price elasticity of supply is derived from the supply functions
and can be used to characterize this function at a given point of the
supply curve (i.e. at a given price—output combination). It can
(roughly) be defined as the percentage change of production that
would result from a 1 % change of the milk price under given (static)

conditions,

If Pm is a given price for milk and Qm the corresponding quantity of
milk produced, and if we calld Qm the change of this quantity caused
by a small (1 %) change 4 Pm of the milk price, we may write the
elasticity of supply &, as follows

4 Qu/Qm 4 Qm Pm
4 Pn/P 4 Pm Qm

If the elasticity is negativ (esm & 0), production would decrease

with increasing prices. If it is positive but smaller than one

(o &<esn < 1), production would increase with increasing prices, but
the increase would be less than proportional as compared to the price
increase. In this case, one would expect income to be increased more than
production, PFinally, if the elasticity is positive and bigger than

one (esm > l), production increases would be more than proportional

in comparison to price increases and one would expect income to be

increased less than productions

In general the price elasticity of supply varies with price and output
levels and has different values at different points of the supply curve.
In practice one therefore normally works with average values in the

relevant part of the curve.

The concrete form of the supply function (i.e. the shape of the supply
curve) depends to a large extent on what the economists call the

marginal cost function (marginal cost curve). Under the conditions of
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"perfect competition" with a profit maximizing behaviour of the produ—
cers both curves are even identical. The marginal costs of milk pio;fyﬁ'?:
duction are the supplementary costs that would be caused by the produoé'A
tion of one more output unit of milk. They are determined by a number

of factors, in particular by the production function (i.e. the technical
relationship between inputs and outputs of milk production), by the

degree of utilization of the existing production capacity, by the prices
of inputs and by the availability of atiractiv alternatives to milk

production,

These more theoretical considerations lead us, together with the analysis
of part I, to a certain number of general comments concerning the relation=—

ship between milk production and price variations :

1, Since the concrete conditions of production (and therefore marginal
costs) differ from farm to farm and, at a more aggregate level, from
region to region or from couniry to country, we may expect to find diffe-

rent price elasticities in the different regions and countries of

the Community.

2. Any adjustment of production to price changes needs time. We may
distinguish three levels at each of which the adjustment process takes

place with a different speed :
- adjustment of the output per cow (e.ge by changes in feed);

—~ adjustment of the number of cows per farm (e.ge intensification of

production)

- adjustment of the number of farms per region or per country (structural

change, e.g. : concentration of production).

It is clear that these three levels of adjustment are interlinked and
that again differences in the way and the speed of adjustments will be
found between regions or countries, In any case, however, this indicates
that we may expect the price elasticity of supply in the long run to be

different from that in the short run.
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The concept of the price elasticity of supply as it has been
presented is based on the assumption that other independent factors
influencing milk production would remain unchanged. This means for
instanoce that no technical progress would occur., At least over a
longer observation period, however, such an assumption cannot be
maintaineds As it has been shown in part I, there is in reality no
poesibility to observe a historical situation or evolution in which
all other factors than milk prices remained unchanged. This is

indeed the major diffioulty to measure the price elasticity of supply.

Whenever a farmer plans his future production he does not really
know what future prices will be., He can base his decisions only on
price expectations. These expectations are often influenced by
experienced price evolutions in the past but may prove wrong for
future developments. For example, the expectation of rising prices
may lead a farmer to enlarge his cow herd and to invest in stables
or specialized machinery. If in this situation prices fall contrary
to his expectations, he will not be able to react in the same way as
he would have reacted on the bases of an expectation of falling
prices, This explains to a certain extent that, at least in the
short run, price elasticity of supply may differ between price ine-
creases and price decreases. A more realistic approach of the price
elasticity of supply would therefore have to analyse price expecta-—

tions and to include some assumptions about their formation.

Supply curves as they are normally presented imply a positive price
elasticity; this means that production increases with rising prices
and decreases with falling prices. The underlying assumption is
very often that producers try to make as high profits as possible
and behave in a rational way. But other objectives than profit
maximization are certainly possible., For instance dairy farmers
could be satisfied if they maintained a certain income level and
would not increase production and profits, even if they had the
possibilities to do so. If prices would fall in such a situation,
farmers would increase production in order to maintain their income,
It is clear that such a reaction would only be possible as long as
prices are still high enough to allow the farmer to make a profit.
This idea of an inverse supply reaction is sometimes used as an

argument against the suggestion to reduce milk production by price



-15 -

cutse. If such a behaviour would be widespread it would in fact
lead to negativ price elasticities. We shall therefore have to

examine this question again at the end of this study.

The use of models to measure price elasticities of supply

The price elasticity of supply as it has been presented is above all a
theoretical tool which has been developed to describe the impact of

price changes on production in isolation from the effects of other
factors. It is derived from the supply function which may be regarded as
an economic model. Generally speaking, economic models can be charac-—
terized as the expression of economic theories in a mathematical form,
They are based on a certain number of assumptions about reality and can
be more or less complicated according to the number of aspects of reality
one wants to include explicitly into the model. A quite simple example
for such a model would be the following function.

am = f (Pm, Pf, S)

in which Qm means the quantity of milk produced, Pm the price of milk,
Pf the prices for inputs into milk production and S the state of arts
in the dairy sector. It expresses the very general economic idea that
milk production as a dependent variable is at the same time a function
of the prices for milk, the prices for milk production inputs and the
state of arts (e.,g. the technical progress realized) in the dairy sector

as independent variables.

In order to apply such a general model to the economic reality and

to calculate, for example, price elasticities of supply at a regional

or national level, some complementary steps are necessarye. Thus, the
concrete type of the function has to be specified and the weight the
different variables have within the function to be quantified, The re-—
sults of these specifications and quantifications then have to be tested
on the basis of observations available for the past on the different
variables in order to arrive finally at what one would call the"best

possible estimate", A considerable number of estimation technigques and
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testing procedures have been developed for this purpose. They all
imply assumptions about the characteristics of the diffe-

rent variables and their interrelations., Since their common purpose
is to '"measure" economic phenomena in reality and to verify thereby
(theoretical) economic ideas and hypotheses, we speak in this context

of econometric methods and econometric models.

Difficulties arise of course when basic assumptions of an econometric
model concerning the characteristics of variables and their interrela-
tions do not correspond to reality. One speaks in this case of
“violations" of assumptions. For some of the difficulties created by
violations cures are available, but not for all. The problem is
particularly arduous if different assumptions are violated at the same
time. An illustration of such assumptions and the violations that may
occur is given in table 3 for the multivariate equation
o =X, Bi+ € , with i=7,23,..1, n  vhich means that milk pro-
duction as the dependent variable (Qm) is explained by (is a function
of) n explanatory or independent variables Xpp Xpe oeee Xiy eee X
(each of which has a particular explanatory weight expressed by the
parameter B ) and a stochastic disturbance £ .

Table 3 : Possibilities and pitfalls of the use of linear models

in econometrios

Assumption Violation
1) Dependent variable is a linear function of Wrong regressors
a specific set of independent variables plus Non-linearity
a disturbance Non—~constant parameters
Too many regressors
2) Disturbance is normally distributed and the Biased intercept
expected value of disturbance term is zero Non normal distribution
3) Disturbances have uniform variance and are Heteroskedasticity
uncorrelated Autocorrelated errors
4) Observations on ndependent variables can Errorms in variables
be considered fixed in repeated samples Autoregression
) No linear relationships between independent Multicollinearity
variables
6) Adequate statistical data available Errors in variables

Specification errors
Too few regressors
Wrong regressors
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Table 3 indicates that even simple linear models can be extremely
difficult to handle even if enough reliable statistical data are
available 1). In practice, however, statistical data are not always
plentyful and reliable or comparable, giving way to additional
sources of problems for estimating elasticities or for testing
hypotheses. This table is a very technical, short hand summary and
it should only he seen as an indication of the problems and their
names in the econometric publications but not as a starting point
for a complete exposé about the econometric problems, associated

with the use of models.

These considerations may be regarded as a "problem background"
which is more or less common to most model approaches for estimating
price elasticities of supply. Several different approaches have heen
tried and compared in the framework of this study. They will be

discussed very briefly in the following paragraprhs.

In simplifying a little bit we may distinguish four main groups of
approaches Ior the purpose of this study :

1., Aoproaches that estimate production and marginal cost curves on the
bases of micro~economic data. Two different ways of dealing with

these data may again be distinguished :

ae Marginal cost curves and supply elasticities are directly

computed from accounting data (2)

b. The micro-economic data are used for linear programming studies
from which supply curves and marginal cost curves are derived
and elasticities calculated (3)

2. Approaches that estimate aggregate production and (marginal) cost
functions on the basis of macro—economic data at a regional or a
national level, Price elasticities of supply are then derived from

these functions (4)

(1) P. Kennedy: A Guide to Econometrics, Martin Roberison, 1979

(2) An approach of this type has been suggested by Prof. P. van den Noort
for the Netherlands

(3) This type of model has mainly been used by Prof. C.H. Hanf for
Germany

(4) lodel approach suggested by Prof. J.il. Boussard (France) and
Ge Jones (United Kingdom)



3. Approaches that analyse and project past trends of producers' behaviour
with econometric methods on the basis of certain (in general widely
accepted) economic hypotheses. Price elasticities of supply are then

estimated on the basis of the projections of past behaviour (1)

4. Opinion polls which constitute a method apart. In the simplest case
dairy farmers would be asked how they would react to price changes (2).

If one has in mind the basic definitions and notions of the price elasti-
city of supply, it seems quite logical to think about the marginal cost
curve as a basis for estimating the elasticity of supply. One can try
to formulate such a marginal ocost curve as a function of milk output on
the basis of accounting data material. Once the econometric difficulties

are overcome the price elasticities of supply are easily derived.

Using an exponential function for the Tutch dairy sector as an example
we found Q = 0,627 = 10% £ p%*4% and with basic mathematical tools we
can conclude that the supply-elasticity is O«45. This means that 1%
change in milk price will be followed by 0.45% change in volume of milk

nroduction, provided the other factors remain constant.

Another possibility is to use linear programming as a tool to estimate

the price elasticity of supplys. It is based on an analysis of technically
feasible combinations of production factors for milk and alternative pro-
ductions. The so=called production = possibility = curve, as it is presented

in figure 6, illustrates this type of analysis. It shows which combinations

of milk and cereal production can be realized under given technical conditions.
f milkoutput

objective function 1

objective function 2

cerealoutput

Figure &: Example of a production possibility curve
—_—

(1) Econometric models of this type are discussed in several country
studies

(2) Experience mentioned by Prof. P. van den Noort for the Netherlands
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After having determined the main cconomic objectives of the farmers
(by assumption or by observation) it is possible to define optimal
production combinations to reach these objectives,

For milk price level P] we have objective function 1 leading to
optimum Oy which gives Q1 as output for milke. As only the price of
milk changes to Py, we get objective function 2, leading to optimum O,
and Qo as milk output. The supply elasticity of milk can be found
by outting P} = P2 = 4P and Q) ~ Q@ =4Q and applying the defini-
tions. Tie more reliable this estimate has to be the more complete
the LP~inodel must be. If we want to apply it to the whole dairy
sector we have to include a whole series of types of farms on which
milk production is or might be feasible. This originally simple idea

leads then to rather complicated models,

A third possibility to describe the milk production of a country or

a region is to estimate on the basis of macro—economic data national

or regional production and cost functions and to derive the elasticities
of supply from these functions. The so-called CES production function
may be considered as one of the most modern concepts in this field.

It is defined as

-p & -p

Q =L 4X;
in which @Q = Milk production, X; = factors of production, Jd and p are
coefficients or exponents typical for the dairy production function.
If the necessary statistical data are available such an aggregate pro-
duction function (and the corresponding cost function) can be specified
for any milk producing region or country. Once they are established
it is easy to derive the corresponding price elasticities of supply.
Now it can be shown that in the case of perfect competition with profit
maximizing behaviour of the producers,this elasticity can be calculated
(from the CES function) according to the formul

variable costs
esm = 0’

fixed costs

where @ is an elasticity of substitution. If the assumption that

is equal to one can be reasonably justified, in some cases at least,



the price elasticity of supply can be calculated simply by dividing
the variable costs of milk production by the fixed costs in the

dairy sector of a region or a country., This illustrates well the
point that sometimes, even when starting with e relatively complicated
theoretical tool (in our case the CES production function) one may

end up with rather simple estimating procedures. The problem with this
approach, however, is that in practice it is sometimes quite difficult
to define precisely variable and fixed costs. These definitions would
indeed have to be different for short and long term considerations.

If the connected problems cannot be solved more complicated versions

of the model will have to be applied.

Still another approach would be to develop relatively simple supply
function (linear or not) and to specify them with econometric methods
on the basis of historical data. One example for this approach is the

following function developed by M. Nerlove (1) :

log Qpt =p°+ /31*105' Py + ﬁa + log Opt o1

in which Qpt is the milk production in a period t, Py +the milk price
of the same period and Qmt —~ 1 +the milk production of the period
before. ﬂ,, ﬂ1 and ﬂz are parameters that have to be estimated,
This is a famous formulation leading to short-run elasticity of f?, and
long run elasticity ofP,,/ (1~ 2 ).

In this econometric field there are numerous other possibilities ee.ge
X; = milk price, Xp = feed price and X3 = productivity. This is

a simple and straightforward one, altough perhaps not an adequate
model, but there are so many other formulations possible. The problem
being that there is no economic, statistical or econometric criterion
to rule out one or more of these possibilities. So we have to be very
careful in applying such "models'" because they will not always lead us
to reliable estimates of the supply—elasticity, but also to "mongrels"
and nonsens correlations, This problem is the so-called specification

problem : which variable should be included and in what way 7

(1) Nerlove, M. : The dynamics of supply, Baltimore 1958
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Quite a different starting point for analysing producers' reactions
to price changes is to be found in the field of public opinion polls,
One could in fact try to question farmers about their intended
reactions to price changes using the available psychological technie~
ques in the field of questionnaires and interviewes. .

These five examples indicate that the economist has several possSibie
lities to find the supply-reaction of dairy farmers. Each "method"
has it pros and cons, depending on the relevancy of the theory,
assumptions applied and the data available. It cannot be ruled out
beforehand -that the various "methods™ lead to sohewhat different
estimates and also that by applying the same method we can arrive

at different values for the supply elasticity because of variations

in assumptions, data and period under investigation.

The results : Price elasticities of milk supply'in the EC

It has not been possible in the framework of this study to develop

one common model for all countries of the Community. Several diffe-
rent models were available for each country, Some of them were as well
applicable to other countries,Abut no one was applicable to all of
them, mainly for reasons of lacks in the statistical data base. A
complete sumuary of the results of different methods in each of the
countries where they were applied is presented in table 7 in the

statistical annex,

The use of different models may lead to problems of interpretation
of results at the Community level, principally because differences

in the results may be due to country peculiarities as well as model
characteristice., A very pragmatic approach had to be chosen to solve
these problems. After an in-depth~examination of the different models
for each of the countries he was in charge of, each expert developed
in his final conclusions, based on his particular knowledge and
experience, on overall judgement on the situation in "his" countries
indicating a most probable value around which the elasticities proba~
bly lie. These final judgements are summarized in table 4,

They make a distinction between short and long term elasticities
considering a périod of 2 years as short and over 5 years as long

térm.
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As we have seen there are in fact good reasons to believe that the
reaction of milk producers to price changes will depend on the time
horizon. Let us take the example of a price fall in the present situa-
tione Within the very short term (e.g. 1 year) there will not be
probably any clear result, Some farmers will perhaps try to increase
their production as some public opinion polls indicate, whereas others
will try in the opposite direction and not few will not change their
production plans at all. The overall reaction will, of course, depend
very much on the general expectations, If farmers generally believe
that the price fall is an unique event which will socon be corrected
again, they certainly will react in a different way as if they believed
in a more fundamental change in price policy. But even in the latter
case clear results could probably not be expected in the very short

term.

Table 4 : Export judgements on price elasticities of milk supply

estimated price elasticity of milk supply
Country
short term (x 2 years) |long term (y 5 years)
Belgium 0,4 (+0,1) 0,5
Denmark 0,4 (+ 0,1) 0,4
France 0,5 (% 0,1) 1,8
Germany 0,45 (+ 0,2) 0,9
Ireland 0,4 (+ 0,1) 0,7
Italy 1,0 (+0,5) C2,5
Netherlands 0,4 (+ 0,1) 1,1
United Kingdom 0,5 (+ 0,1) 1,0
EEC (EUR 9) 0,55 (i 0,1) 1,3

Source : Member States reports

The price elasticity of milk supply for the Community as a whole
has been calculated in table 4 as the weighted average of the

national elasticities. The short run elasticity for the EC would be



-23 -

around + 0,55 according to this procedure. This leads to the
conclusion that on the average farmers will increase their pro-—
duction if prices are expected to rise and decrease their pro-
duction in the opposite case. For technical and psychological
reasons, it may be, however, that their reactions are not exactly
the same in a situation of falling prices as in avsituation of
rising prices, in particular as far as short term reactions are
concerned. On the other hand, our results clearly do hot support the
hypothesis that production will increase as milk prices are expected
to fall (SOmetimes indicated as "backward sloping supply curve'" or
"perverse supply reaction"). This does of course not exclude that
certain tybes of farmers can and will react otherwise, but there is

no evidence that their behaviour will dominates

Purthermore, the results swmarized in table 4 couiirm that the

longer the period in consideration tire more substantial the influences
of price changes become, and it would appear that in the long run there
is still less evidence of perverse supply reactions., Our results

clearly support the opposite hypothesis of a positiv price elasticity

of supply. ' ,

The direct infhence of milk prices on milk productionin the long run is
considérable. But we must be aware of the fact that on long run milke—
prices = levels as well as trends ~ have influence on the rate of technow
logical and structural change in that industry, so that these changes
cannot anymore be considered as completely exogenous factors. They will
obscure the estimates of the price-elasticities of supply. We arrived

at simple handy reckoners for our supply elasticities of milk in the
EEC. They were based on passed experiences In applying them for the
future one has to keep in mind that farmers, their behaviour, production
techniques and alternatives have changed and will continue to change.
The employment situation now is quite different from the one in the
period 1960-1970. The labour mobility has been affected and this has

a diminishing effect on the supply elasticities of products like milk.
The structure of the dairy industry is different from the one in 1960.
We have more big and specialized farmers and we may expect these

farmers to have different supply elasticities.

B T R s
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So we have to be careful when applying the complicated estimates
as handy reckoners., Given all these considerations we can conclude
that the net effect of 1% change in milk price on milk production
in the EC will be in the present situation around 0,5 to 0,6 %

in the short term and 1,3 % in the long term.
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Statistical Appendix —

Table 2: Changes in cow numbers in the EEC herd by herd size, 1973/1977

! 1 | | ' ' | 1 ! !
: EUR-9 :oeuvscuLnuo: FRANCE | TTALTIA | NEDERLAND | BELGIQUE | LUXEMBOURGIUN. KINGDOM| IRELAND | DANWARK
| | t | | | |

!
1
t
i
1
: NUMBER OF ANIMALS / NOMBRE D*ANIMAUX - 1000
t
: TOTAL HOLOERS ENSEMBLE DES DETENTVEURS
t 1973 | 25604 | 5486 | 7683 | 3051 ) 2285 | 1000 | 68 ) 3544 1431 | 1086
! 1975 | 2487% | 5395 | 1549 | 2883 | 2259 | 994 | n | 3250 1 1380 | 1094
: 1977 = 25078 : 5617 | 1510 | 2945 | 2245 | 983 | 8 | 3327 | 1484 | 1099
i i i | | 1 ! 1
1 717715 ) 0.8 1 0.4 1 -0.5 | 2.2 1 -0.6 ! -1.1 -4.4 | 2.4 | 1.5 | 0.4
|
i
| HOLDERS WITH 1-2 ANIMALS NDETENTEURS AVEC 1-2 ANTMAUX
|
| 1973 | 840 | 17 161 | 392 |} 9 4 17 1 1 (S| 69 | 9
] 1978 | 135 | 143 Y 138 | 346 1 9 1 18 1 18 10 ¢ 68 | 8
t 1977 | 619 | 1ns | ne | 301 9 12 o | 6 | 50 | 6
! 1 1 1 1 | ! t ) 1 |
[ RaZAT I ~-15.8 | -19.6 | -12.7 -12.8 t 2.2 | -18.4 § -19.% -39.2 | ~26.0 | -20.%
|
|
| HOLDERS WITH 3-4 ANIMALS DETENTEURS AVEM 3-4 ANTMAUX
!
! 1973 | 1238 | 393 | 320 | 468 | 21 33 | 2 12 16 1 1%
i 1978 | 1116 | 335 | 256 | 399 | FLI 26 1 [ | 10 1 62 1§ 1
1 1917 | 955 280 | 232 383 | 15 1 19 | t 8 48 1 9
! | i t 1 | | t 1 i |
IR BaZAL NI -14.4 | -16.6 | -8.9 | -14.0 -15.4 } -2641 | -21.6 1 -16.5 | -22.3 | ~18.1
|
|
| HOLDERS WITH 5-9 ANIMALS OETENTEURS AVFC $-9 ANTMAUX
1
| 19713 | 3668 | 1310 ) 1207 | 571 ) 87 | 148 1 s 1 s6 | 176 | 107
' 1975 | 3206 | 1150 | 985 | 593 | T 1 17 1 5 9 46 | 150 | A3
| 1977 | 2014 | 1007 9 866 | 546 | 9 1 e | | 31 146 | 63
' | | ! 1 | | | ' | ]
IR RAZALEN] -12.2 1\ ~12.4 | -12.1 | -8.0 | -22.6 | ~22.5 |\ -72.9 | -21.2 -8 -23.%
t
i
1 HCGLDERS WITH 10-14 ANTMALS DFTFNTEURS AVFC 10-14 ANTMAUX
1
[ 1973 | 4086 | 121 1611 ) 31% | 160 1 208 | n 107 | 201 | 2n0
! 1975 1 3607 | 1176 | 1414} 278t 161 | 176 | 8 | 7. 176 1 159
! 1977 i 3262 1092 | 1267 ) 270 ) w8 | 151 | 7 64 | 178 1 124
! ! | | 1 1 | | | | i
TS | ~9.6 | -7.1 | -10.4 | -2.8 | -23.6 | -14.1 |} -20.6 | -18.5 | 0.9 1 ~21.7
|
|
! HOLDERS WITH 15~19 ANTMALS OFTENTFURS AVEX 15-19 ANTMAUY
|
] 1973} 3369 869 | 1434 | 19t | 218 | 168 | 17 124§ 164 | 199
1 1975 3248 | 280 | 1416 | 184 | 197 | 156 | 9 1 103 148 | 157
] Wi 3054 | 886 | 1302 § 202 | 151 1 144 | 8 | 82 1 151} 129
t | \ 1 1 | 1 ! ! | !
AR ETAL I -6.0 1 0.7 -8.0 | 9.6 | -23.2 | 7.5 | ~-17.5 | -20.3 | 2.1 % -17.6
‘
| HOLDERS WITH 20-29 ANIMALS OFTENTEURS AVEC 20-29 ANTNAUX
¥
| 19713 | 4462 | 916 | 1653 | 284 | sar | 229 t 19 1 320 | 217 | 259
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1 1977 | 4657 | 1120 ] 1830 | 308 382 | 241 1 20 | 234 | 277 | 248
| | ] 1 1 1 | ) i 1 ]
| £ 77775 | 3.1 | 10,0 1 3.2 | 45.1 | -18.5 | -1.5 | -2.9 | -10.1 | 6.7 ! -5.2
:
| HOLDERS WITH 30-39 ANIMALS NETENTFURS AVEC 30-39 ANTHAUX
1
| 1973 | 2369 | 328 658 | 153 | 435 | 1 10 1 362 | 168 | 144
| 1975 2814 | 403 1 843 | s | 11 | 132 | 13 1 305 | 165 | 179
1 1977t 2863 | 502 | 932 182 | 382 | 153} 15 1 287 | 196 t 197
] | | t ) | | | ] 1 1
1% 77T/78 ) 8.8 | 24,4 10.5 | 12.8 -1 16.0 | 13.5 | ~6.1 | 17.6 | 9.0
1
t .
| HOLDERS WITH 40-49 ANIMALS DETENTEURS AVEC 40-49 ANTWAUX
]
| 1973 | 1471} 1nr | 338 | 100 313 ) 49 | [ 310 108 | 76
1 1975 1 1560 | 152 ) 346 | 1z 1 328 | 61 | o 328 116 | 108
1 1977 ) 18%9 | 214 ) 480 | 129 334 ; 3 | T 332 186 | 123
' ] 1 | 1 ' ' | |
12 77775 1 19.1 |} 4.3 | 38.8 | 15.% | 1.8 | 2%5.1 | -4.0 | 1.2 25.7 | 26.6
]
1
| HOLDERS WITH 50-59 ANTMALS OETENTEURS AVEC 50-59 ANT®AUX
1
] 1973 w21t | s | 101 ! 201 1 20 | EI| 236 63 | EL)
1 1975 ! sl 63 | 222 78 Ot 223 | 28 6 312 77 1 53
1 1977 ¢ 1063 | 92 103 9 | 257 | 40 | 6 1 m 89 74
1 ] i 1 | | 1 1 1 i
V8 TS | 0.2 at.0 | ~%3.5 1 1%.9 | 15.4 45.4 | 16.2 | -0.3 1.9 | 39.%
HOLDERS WITH 60-99 ANTMALS ' DETENTEURS AVEC 60-99 ANTNAUX
] 1973 | 1882 4 | 164 257 | 243 ¢ 18 | -1 984 133 38
] 1975 1 1911 57 | 129 218 | 304 | 29 | - 900 158 | 58
| 1977 | 2368 a7 | 349 289 | 419 | 4 | s 950 147 | 88
1 1 i | ! \ ] 1
L TS | 23.9 s1.3 | 171.2 4.8 LS | 8.3 | s 0 5.6 -1.5 1 $2.1
HOLDERS WITH 100 ANIMALS AND MORE DEYENTEURS AVEC 100 ANIRAUX ET PLUS
1973 | 1200 18 | 23 219 | 61 ! 3 -1 862 s 14
197% | 1299 1T 30 247 | 83 | s 1 -1 896 s ) 20
1977 | 1505 22 | n 289 | 129 : [ : < 1019 61 | 27
' ] | [} ]
s TI778 | 22.0 29.2 2.6 6.1 | 58,7 | 60.2 | s 0 13.7 s 1.3
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Source: EUROSTAT
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Table 3: Changes in numbers of cow holders by herd size in the EEC, 1973/1977

! 1 | 1 | 1 \ 1 [} 1
: EURS-9 :D!UVSCNLAND: FRANCE : 1TALIA : NEGERLAND ‘ BELGIQUE : LUXEMBOURG IUN, nnsoon: TRELAND | DANNARK
! 1

! |
| ]
1 |
| |
1
] NUMBER OF MOLDERS / NOMBRF NE OETENTFURS - 1000
] ]
| )
! TOTAL HOLDERS ENSEMBLE DES DETENTEURS |
1 1
1 1973 | 2432 | 630 | 697 | 607 | 9 | as | s | 93 | 144 | 72
! 1975 |} 2187 s12 | 28 | 536 | 94 | 75 | & | 80 | 133 | 63 |
t 1977 | 19%0 | 519 | s16 | as3 | a3 : 66 | 4 12 1 120 | 56 |
1 | | 1 | | [ | | ! |
|t TIITS | -10.8 -9.2 | -8.4 | ~15.5 | -11.1 | -12.0 | -12.6 | -9.9 | -10.0 ¢ ~11.8
' :
]
| MOLDERS WITH 1-2 ANIMALS DETENTFURS AVEC 1-7 ANTMAUX |
| !
i 19713 | 578 108 1| 105 | 286 | 6 | 1 [ 8 | 47 | 6
' 1975 | 510 | 92 | 90 | 253 | 6 1 10 | [ [ 47 | 5
| 1977 | 7 | 7% 19 | 206 | 6 | L | [ s 1 35 | 4 |
' 1 | 1 ] ] 1 1 1 | | 1
1 s 7775 ~18.3 | ~19.4 -12.5 | -18.5% | 4.9 | -16.6 | -16.8 | ~39.9 | -25.5 | -19.4
| |
1 ]
| HOLDERS WITH 3-4& ANTMALS OFTFNTEURS AVEC 3-4 ANTMAUX |
| 1
[} 1973 | 400 1 13 92 | 150 | 6 1 10 | 11 3| 22 | 4
1 1975 1| 332 | 9% | 73 1 126 | 5 T n o1 1 18 | 3
! 1977 | 215 | 80 | 61 | 9% | L] s 1 0 2 | 14 | 3
1 | 1 [} 1 1 ) [} 1 | | 1
IR A7AL I ] -1t | -16.8 | -8.3 | 21,1 -15.3 | -26.0 ~23.2 | ~-16.3 | -24.2 | -18.3
| |
1
| WOLDERS WITH 5-9 ANIMALS DETENTEURS AVEC 5-9 ANTMAUX
] 1
| 1973 | 553 | 194 | 173 | 100 | 12 22 11 8 1 2 | 15
1 1975 | 480 | 170 | 146 | 97 | 1n 17 1 1 6 | 22 | 12 )
| 1977 | a7 | 148 | 127 | s | s 13 | 1 s | 21 | 9 1
| | | ! ' 1 ' | | 1 t |
s TS -13.1 | -12.6 | -11.8 | ~12,7 | -22.7 | -23.2 | ~2%.2 | -28.4 | -3.6 | ~23.%
| |
| |
| HOLDERS WITH 10-14 ANIMALS OFYENTEURS AVEC 10-14 ANTMAUX |
| !
1 1973 351 | 110 | 136 | n | 13 18 1 11 9 1 17 17 )
! 1975 | 308 | tor 120 | 26 | 12 15 1 11 6 1 15 | 13 1
| 1977 | 218 | 93 | 107 1 2% ) 9 | 17 1 11 s | 15 | 1 1
1 [} 1 ! 1 ] 1 1 | | ' |
| 27718 -9.9 | ~Tes | -10.4 | -7.5 1 -23.6 | -14.3 | =207 | ~-18.7 | 2.7 | ~21.7
! 1
! 1
| HOLDERS WITH 15-19 ANIMALS DFTENTEURS AVEX 15-19 ANTMAUX |
1 1
| 1973 | 202 52 | 86 | 12 1 13 1 10 1 7t 10 | 1m
1 1975 196 | 53 | 8s | 12 12 9 1 6 9 1 9 |
; 1977 | 183 : 53 : 18 : 12 9 : 9 [ 5 9 : [
1 ]
1877778 | -6.7 0.5 1 -8.6 | 0.9 -23.3 | -7.6 -17.3 | -20.1 2.2 ! -17.7
| |
| |
| HOLDERS WITH 20-29 ANIMALS OFTFNTFURS AVEC 20-29 ANTMAUX |
t |
| 1973 | 192 40 | o1 14 21 1 10 11 13 12 1
t 1975 | 194 4 1 17 | 10 20 | 10 1 1 11 1 | m
t 1977 z 196 48 1% | 13 16 : 10 1| 10 12 | 10 1
1 1 | ! ] 1
1377/ | 1.2 9.7 | -0.3 | 30.8 -18.9 | -1.8 -3.2 |} -10.6 0.2 | -5.6 |
! :
)
| HOLDERS WITH 30-39 ANIMALS DETENTEURS AVEC 30-39 ANTMAUX
\
| 1973 T 10 1 20 | s 13 3 [ 11 s | a
' 1978 78 12 1 25 | ] 12 ) 4 [ 9 s | s
! 1977 83 18 : 26 : s 1 : s ] L] [} : )
] |
L xTI/78 o 6.1 | 26.2 3.1 | 8.7 -7.8 | 15.7 12,1 | -6.0 | 18.0 1 9.4
]
1
| HOLDERS WITH 40-49 ANTMALS DETENTFURS AVEC 40-49 ANTMAUX
!
| 1973 34 3 s | 2 1 T 1 -1 9 s H
| 1975 ETY [ ] s 1 2 T 2 o | 7 3 | 2
1977 31 s 9 1 3 (] : 2 [ : s | 3 3
! ! 1 !
< T7/778 14.2 40.8 13.7 | 22.6 1.5 | 24.8 ~8.0 | 1.8 | 2.9 | 26.5
HOLDERS WITH 50-59 ANINALS DETENTEURS AVEC 50-59 ANTMAUX
]
1973 17 1 2 2 4 1 - -1 [ 1| 1
1975 20 1 4 2 4 | 1 [ 6 2 1
1977 20 2 2 2 s : 1 ] [3 2 : 1
!
t g TIT8 ~2.8 aT.1 -87.1 ~10.4 15.4 | 4.5 16,7 | ~0.1 13.3 | 9.4
HOLDERS WITH 60-99 ANTINALS DETENTEURS AVEC $0-99 ANTMAUX
1973 25 1 2 L3 ] 3 - - 13 2 1
1978 25 1 2 3 0 4 o - 12 2 | 1
1977 n ! 4 . : 6 : 1 s 12 2 1
]
L T8 24.0 s1.6 133.3 .4 | 37.0 | 38.4 s 5.0 10.5 | 51.3
HOLOERS WITH 100 ANTMALS AND NORE DETENTEURS AVEC 100 ANINAUX ET sLus
1973 [ [ 2| - 1 [ 3 - - [ s [}
1978 8 [ [ 1t 1t o - 6 s ! []
1977 10 [ : o 1 = 1 : ° < 7 [ ] .
1
T TS 17.9 8.2 | ~86.7 el | 5.2 | 62.5 s 15,4 s 1 3.0




Statistical Appendix

Table 4: Development of averagemilk yield per cow in the Community since 1974

Xe.

1974 1975 : 1976 1977 : 1978 (1) ¢

: Belgium 3 643 3 632 3 610 3 690 3 860
: Denmark 4 175 4 352 4 561 4 662 4 900
: Germany 3 921 4006 : 4108 4 180 4 320
. France 3 241 3 207 3 260 3 296 3340
: Treland 2313 : 2752 : 279 2 891 3 170 3
;.Italy 2 946 3061 3 167 3 264 3 33
: Luxembourg 3468 : 3397 3750 : 3658 : 3860
Netherlands 4 567 4 614 ; 4 171 4 830 : 5 130
: United Kingdom 3 925 4 091 4 427 4 5T1 4 70 :
: Commmity 3 576 3648 : 3770 3 840 4000

(1) Provisional

Source : EUROSTAT



Statistical

Table 5: Basic data of cow numbers and

Country

EEC

Belgium
Denmark
France
Germany

" Ireland
Ttaly
Luxembourg
Netherlands
UK

Total EEC

Other W, Europe

Austria

Finland

Iceland

Norway

Sweden
Switzerland
Total W, Europe

S. Europe

Greece

Portugal

Spain

Turkey
Yugoslavia
Total S, Europe

Appendix = ..

yields for OECD countries, 1960 - 1977

Total OECD Europe 38,272% 38,595

Canada
usa

Japan

Australia
New Zealand

Total OECD

Cow Numbers Average Yield per Cow Annual

% Change

(*000) (kg) 1960/62-

1975/77

1960/62 1970/72 1975/77 1960/62 1970/72 1975/77 Cows Yield
1,036 1,013 986 3,787 3,620 3,002z -0.3 -..!
1,465 1,060 1,083 3,687 4,247 4,652 -2.0 +1.6
7,196 7,431 7,615 2,374 3,195 3,255 H0.4 +2.1
5,787 5,561 5,397 3,422 3,868 4,094 -0,5 +1,2
1,206 1,495 1,533 2,299 2,520 2,869 +1.6 +1.5
3,455 3,311 2,902 2,699 2,755 3,158 -1,2 +1.1
55 62 70 3,390 3,551 - 3,563 +1.6 +0.3
1,656 1,920 2,210 4,239 4,440 4,720 +1.9 HO.7
3,305 _3,315 3!281 3,647 4,014 4,401 -0.1 +1.3
25,161 25,168 25,077 3,083 3,511 3,757 - +1,3
1,132 1,061 1,016 2,576 3,111 3,247 -0.7 +1.6
1,159 858 761 3,091 3,843 4,231 -2.8 +2.1
39 36 37 2,818 3,370 3,490 -0.4 +1.4

600 417 385 2,700 4,197 4,813 -2,9 +3.9
1,187 698 664 3,213 4,198 4,836 -3.8 +2.8
944 883 885 3,270 3,603 3,887 -0,4 +1,2
5,061 3,953 3,748 2,989 3,689 4,043 -2,0 +2,0

416 433 488 893 1,290 1,465 +1.1 +3,
n.a, 193 212 n.a. 2,379 2,533 +1.7 +1.6
1,470 1,876 1,821 1,953 2,397 2,934 +1.4 +2.8
4,148 4,772 5,498 600 597 603 +1.9 -
2,016 2,200 _2,699 1,115 1,206 1,413 +2,0 +1.6
8,050* 9,474 10,718 991* 1,163 1,280 +1.9 +1.7
39,543 2,631 2,952 3,113 40,2 +1,1
2,969 2,271 2,028 2,773 3,544 3,813 -2.5 +2.2
17,200 11,847 11,058 3,298 4,537 4,905 -2.9 +2.7
574 1,226 1,279 3,736 3,949 4,072 45,5 +0.6
3,218 2,695 2,301 2,063 2,681 2,651 -2.,2 +1.7
_1,965 _2,210 _2,073" 2,697 2,735 3,097 +40.4 +0.9
64,198*% 58,844 58,282 2,799% 3,295 3,479 -0,6 +1.5

* Figures for 1960/62 exclude Portugal.

Source: OECD, Paris
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Table 6é: Summary of milk production and prices in OECD countries 1960 - 1977

Country Annual Milk Production Milk Production Index of Real
(1000 tonnes) Annual 7% Change Price of Milk
onnes (1960762 = 100)

1960662- 1970572-
1960/62 1970/72 1975/77 1970/72 1975/77 1970 1977

EEC
Belgium 3,924 3,664 3,612 -0,7 -0.3 96.6 88,2
Denmark 5,426 4,508 5,034 -1,8 +2,2 92,2 114.2
France 21,713 27,920 29,813 42,5 +1.3 93.1 92.0
Germany 19,806 21,504 22,097 +0.8 40,5 85.8 90.2
Ireland 2,774 3,769 4,541 43,1 +3.8 87,2 151.1
Italy 9,842 9,556 9,628 -0,3 +0,2 124,1 152.6
Luxembourg 188 223 249 +1,7 +2,2 n.a. n.a,
Netherlands 7,020 8,527 10,441 42,0 +4,1 92.7 81,7
UK 11,916 13,444 14,524 +1,2 +1,6 77.0 81.1
Total EEC 82,609 93,115 99,939 41,2 +1,4
Other W, Europe
Austria 2,916 3,299 3,301 41,2 - 87.4 73.8
Finland 3,585 3,296 3,218 -0.8 -0,5 103.3 116.6
Iceland 108 122 128  +1,2 +1.0 n.a. n.a,
Norway 1,619 1,751 1,854 +0.8 +1,1 97.1 98,2
Sweden 3,862 2,932 3,221 -2,17 +1.9 100.3 126.8
Switzerland 3,087 3,179 3,439 +0,3 +1,6 95,9 83.9
Total W. Europe 15,177 14,579 15,161 -0,4 +0,8
S, Europe

. Greece 366 559 724 44,3 +5,.3 n.a. n.a.
Portugal 367 ‘959 550 +2.8 +3.7 Ne&, n.,a,
Spain 2,870 4,50T 5,344 44,6 +3.5 86.8 74.9
Turkey 2,492 2,849 3,317 41,3 +3.1 n.a, n.a.
Yugoslavia 2,248 2,651 3,815 +1,7 +7,6 n.a, n,a,
Total S, Europe 8,323 11,019 13,750 +2,8 R 1Y)

Total OECD Europe 106,109 118,713 128,850 +1,1 +1,7

Canada 8,235 8,039 7,724 0,2 -0,8 112,4 163,6
Usa 56,709 53,765 54,213 -0,5 +0,2 105.4 115.0
Japan 2,146 4,705 5,356 +8,2 +2,6 n.a. n.a,
Australia L,636 7,306 5,90z  +1.0 -4,2 95.5 69.0
New Zealand 5,338 6,079 6,418 +1,3 +1,1 72.4 67.7
Total OECD 185,171 198,610 208,463 +0,7 +1,0

Notes: 1 The "real price of milk" is the result of the producer prices
divided by the consumer price index (CPI),

2 Production figures are average of three years' figures in OECD
tables., They are used for the purpose of illustrating trends
and calculating the compound annual percentage change,

Source: OECD, Paris
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Table 7:

;:: -

Price elasticities of milk supply in the EEC: Model results

Table 7a: Short run price elasticity of milk supply in the EEC
Model type B DK D F IRL IT NL UK EUR 9
cost function - - - - - - 0.45 - -
production function.
- JONES (1) 0.42 - - - 0.35 - 0.41 0.7 -
- BOUSSARD (1) - - 0.55 0.52 - 0.7 0.38 0.45 -
- others - - 0.2 - - - - - -
linear programming - - 0.01- - - - 0 1.3 -
) 0.28
econometric models 0.25- 0.3 - 0.06- 0.11- 0.5 0.59 0.3 - 0.75 -
(2) 0.33 0.5 0.8 0.27 0.9
public opinion poll - - - - - - 0 - -
:}"iﬁngggzﬂint 0.4 0.4 0.45 0.5 0.4 1.0 0.4 0.5 0.55
(t0.1) (0.1 (£0.2) (*0.1) (£0.1) (£0.5) (20.1) (20.1) £0.1)

Table 7b: Long run price elasticity of milk supply in the EEC

Model type B DK D F IRL IT NL UK EUR 9
cost function - - - - - - - - -
production function

- BOUSSARD (1) - - 1.94 1.87 - 2.54 1.22 1.72 -

- others - - 0.74 - - - - - -
Linear progr. - - 0.4 - - - - - - -

1.2
econometric models 0.45 0.4 0.14- 0.13- 0.7 0.77 0.4 - 1.0 -
(2) 1.8 1.87 1.22
final judgement 0.5 0.4 0.9 1.8 0.7 2.5 1.1 1.0 1.3

of the expert

(1) results comparable between countries
(2) results not fully comparable between countries

Source:

Member States reports
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1 Structure and development of the milk production in Germany (F.R.)

The German agricultural sector produces about 22 mill. t of milk a year
(22.5 mill. t in 1977). By this figure Germany is the second largest milk
producer of the EC with a portion of almost one quarter (23.4 p.c. in
1977). Only France is producing more milk, whereas the UK and the Nether-
land do not reach much more than 50 p.c. of this production quota.

On the other hand West Germany is also to be regarded as one of the most
important consumer of milkproducts within the EC; after the UK and France
Germany held the third place. This third rang is caused by the relative
small per head consumption of milk products in Germany, whereas Germany
dispose over the largest consumer potential with a population of 61 Mill.
people compared with 53 Mill. in France and 56 Mill. in the UK.

The Tow level of per head consumption causes a level of selfsufficiency

in Germany which is somewhat higher than the EC average although the pro-
duction quota is proportional to the quota of citizens. The degree of self-
sufficiency - given in table 1 - indicates that the German milk producing
sector do not belong to the most excessive "surplus producer", at least in
relative terms.
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In absolute figures the picture changes. Beside France and Netherlands,
Germany belongs to the countries with the largest positive difference
between production and consumption. For 1977, the German surplus is guessed
to be 3.3 mill. t, which is almost as much as the French surplus. However,
it should be emphasized that the degree of selfsufficiency is not a suita-
ble measure to justify any national quota of production within an economi-
cal and political community. On the other hand, the absolute and the rela-
tive degree of selfsufficiency give a first indication, wether the produc-
tion and the production development of a country have a significant impact
on the general situation of the community. From these figures it can be
concluded that already a relativ small change of the German milk produc-
tion will influence the community's situation strongly.

The most meaningful indicator of the importance of a subsector for the
situation of the whole sector is doubtless the subsector's contribution to
value added. As the national statistics do not differenciate the factor
input by corresponding products a direct measurement of the contribution

is not possible. Hence, the portion of the gross value of production may

be used as an indirect measurement. The corresponding figures are given in
table 1. Obviously it is able to distinguish by this indicator three groups
of countries within the EC. In Italian plays the milk production a relative
unimportant role with a portion of only 12.7 p.c., whereas in Belgium/
Luxemburg and in France about one sixth of total production comes from
dairying. A1l other countries are marked by quotas around a quarter. How-
ever, in intertemporal and international comparison it should be considered
that the percentage of the value of production is only an indirect hint on
the importance of this special product for the income formation as there
may exist considerable differences with respect to the input structure.
Taking into account the considerable differences with respect to the appli-
cation of concentrates it might be argued that the situation of Ireland is
significantly distinct from the other countries mentioned, whereas the
difference with respect to the income formation between Germany and the
Netherlands and Denmark are to be regarded less significant as the gross
value of product indicates.



As mentioned above there is no direct statistical information available
about the inputs of the milk producing sector. Hence, it is tried to give
a crude outline and comparison by using indirect information. It can be ar-
gued that within the EC the technical progress, the technical potential,
the breeding potential with respect to milk production a.s.o. are relati-
vely similar. Furthermore there do not exist extreme differences with re-
spect to the natural conditions for milk production, perhaps except Italy
and Ireland. Hence, the milk yield may be regarded as an indirect measure
of the intensity of concentrate feeding. By this indirect measure conside-
rable differences of concentrate feeding are to identify. Germany and UK
realize obviously a middle intensive production whereas Denmark and espe-
cially the Netherlands are marked by a high level of concentrate feeding

( see table 1).

A reciprocal indirect measure of the feeding intensity is the land input
per cow. However, it is less stringent because there exist considerable
differences in the fertilizing intensity and because of differences in the
natural production conditions which are in this context more important.
Unfortunately there do not exist statistical information about the special
land input for the dairy industry. Hence, the relation of cows per 100 ha
must be used as an indirect figure which can only be used to compare the
countries which have a comparable relation between milk and other agricul-
tural products. This indirect measure indicates that the concentrate use in
Netherlands is to be suspected to be significantly differing from all other
countries. The smaller numbers of cows per ha in Denmark is partly due to
the higher proportion of milk production compared to Germany. However, it
is to be interpreted also as a sign of a higher intensity in roughage pro-
duction (compare cows per ha permanent grassland in table 1).

Considerable <ifferences between the countries exist with respect to the in-
put of Tabor and capital. The number of cows per farm and per cow holder
resp. may be used as an indirect measure of the labor/capital input ratio.
Thereby itisto take into account that the capital input per cow increases
with the herd size as well as the labor productivity. With 9 cows per hol-
der Germany reports a relatively small herd size, which is about 25 %
smaller than the EC average and only Italy show a smaller herd size. All



other countries have significantly larger herd sizes, the Netherlands reach
a figure which is almost three times as large (24 cows/holder) and UK even
an average size which is 4 or 5 times larger than the German.

This is partly depending on the small average farm size in Germany, however
partly it is also due to the relative modest specialisation of the German
farms. This modest specialisation of the German farms is also expressed by
an other statistical figure, the relation between "milk and beef produc-
tion". In Germany about 15 kg milk are produced by 1 kg beef, whereas in
the Netherlands and Denmark 25 kg and 20 kg resp. are produced. Certainly,
France and U.K. have a similar relation between milk and beef as Germany,
however, both countries dispose of large, extensive herds specialized on
beef production whereas in Germany a specialized beef production do not
exist really.

respect to fertilizer and concentrate use, which is expressed by the higher
yields per cow and the considerable higher number of cows per ha.

The significant different herd size indicates a considerable difference of
the production technique of the average milk producer in the two coun-
tries.

Taking into account that both countries do not dispose of large herds
specialized in beef production the relation between milk and beef output
indicates that the German dairy farms are less specialized than the Dutch
farms.

in both countries is the herd size. All other measure indicate that - on a
national average - there do not exist extreme differences with respect to
intensity of feeding and specialisation in spite of the immense size
difference.

Germany/Denmark: Although the farm size in Denmark and Germany do not
differ significantly there exist remarkable differences with respect to
the milk production. Denmark's dairy farms seem to be slightly more spe-

cialized and more intensive,
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on roughage than in Germany. Furthermore there exist considerable differen-
ces with respect to the concentrate input.

1.2 Development of the milk production in Germany (F.R.) over time

From the early sixties until 1975 the German milk production remained almost
unchanged. During the 12 years period 1963/1975 the total volume of milk
produced fluctuated around a level of 21 million tons a year with a negli-
gible average growth rate of 0.8 p. c. per year. Only in 1975 a considerable
acceleration of the milk production can be stated. From 1975 to 1978 the
average growth rate raised to 2.5 p. c. per year (see table 2).

However, the stability of the total volume of production had been accom-
panied by a continuous change of the structure of production. The number

of dairy cows had been reduced by an annual rate of 0.7 p. c., whereas the
milk yield is marked by an annual increase of 1 p. c. After 1975 con-
siderable changes 1in both trends are to notice. The annual growth rate of
the milk yield per cow run up to 2.5 p. c. during the period 75/78; in
1975/76 the average milk yield increased even with a rate of 3.8 p. c.
Furthermore, the negative trend in the number of cows had been finished in
1975. Since 1976 a slight increase of the number of cows can be stated.

The whole period under consideration is characterized by a continuous re-
ducement of the number of farms with dairy cows whereby the rate of reduce-
ment had been considerably higher than the negative growth rate of the num-
ber of cows. The number of dairy farms reduced with an annual rate of 4.7
p. ¢. It is to emphasize that this trend did not change in 1975. The rate
of reducement during 1975/77 had been exactly 4.7 p. c. From the diverging
trends of the number of cows and the number of dairy farms follow. that a
pronounced concentration of milk production has taken place. The average
number of cow: per farm increases from 5 cows/farm in 1960 to more than

10 cows/farm in 1978.

The relation between milk and beef produced in Germany - given in table 2 -
indicates that contemporarily with the concentration process of the milk
production the dairy farms tried to equalize this specialisation by an en-
largement of the beef production. From 1961/63 until 1974 the beef produc-



*6/61 - G96T ULl43g pun Bunquel uajsdo4 pun 3jeydsiJdLMpueT ¢Bunayeudl J4nj Yyonguyep S3YISLISLIRIS :S32UNOS

E

erul| zo9s | e'ss| e'es| s'8v | 6€v | sse | 1se | oz | roas (384%2°€) AL1w 3o 9o1d
eru| gor | grst| zt| 9tsr | vor b L1 L°81 90z | 002 o 1 O e
o'sz| ez | rez| sez| vee | 2zzz | 6'ce | €9z | ozz | 082 T ttu'so sbvrussiod
erul pror | e ve | ceu | '8 8L 99 8'g 2's 43P |04 /SMOO
erul 61 | veru| zzg | et | og9 b1L 88 1001 | 2€11 || 0001 ut sMoo yaim swiey
sivs | 21vs | e6es | 166s| ovvs | o9vs | svss | voss | viss | s/8s 0001 Ul M0 Adteq
09zv | ovTy | oty | 096c| osec | otee | osge | ovze | otee | oove B M03/pI3LA YL LW
eez| ez | zee| 9e| s1e | etz | e1z | rv1e | 2trz | st0z || 3 uoripiw up cpoud i
8t |« {9t |se | v | e | asor | 69/t9 | 99/v9 | €9/191

i

8/6T 03 £9/1961 Wwous (*y'4) Auewsag ul uoronpoud Y| Lw 2y3 jo juswdo|dAsq :Z 9lqel




tion had been extended with an annual rate of about 2.3 p. c. per year.
From 1974/75 to 1978 the total volume of beef production remained more or
less constant whereof a slight increase of the relation between milk and
beef is caused by the increasing volume of milk.

Simultaneously with the shrinking number of cows and the shrinking number
of dairy farms the portion of milk sales at the total sales of the agricul-
tural sector decreases from 28 p. c. in 1961/63 to 22.2 in 1973. This por-
tion increases again beginning with 1974 to a level of 25.6 in 1978. In the
first two years (1974 and 1975)this increase is mainly caused by the high
raise of the milk price whereas in the latter three years the price increase
and the increase of the milk production as well contributes to the income
growth. It can be summarized that the German dairy sector is characterized
by a shrinkage process during the sixties and the early seventies. In this
period the total production of milk remained stable as a consequence of the
increasing yields per cow. About 1975 the negative trend had been changed
tremendously and raised rapidly upwards. However, the trend of the concen-
tration process which can be described by the number of cows per holder re-
mained unbroken. Without any further analysis the change in the trends can
be regarded as the consequence of a considerable change in the milk price
policy. After a relative long period with almost constant milk prices in
1972 a period with considerable price increases started. The production
followed this incentive obviously with a time-lag of two or three years.

1.3 Regional distribution of the milk production

The milk production is one of the most important farm enterprises in almost
all regions of the Federal Republic. However, there exist considerable re-
gional differences with respect to the production volume, to the intensity,
and to the development trends. In 1978 about 44 dairy cows per 100 ha farm-
land are kept. From table 3 it can be seen that this figure 1is varying

from 54 in Bavaria to only 31 in Rheinland-Pfalz. The big variety becomes
more obvious if smaller areas are taken as a statistical basis as Doll (1975)
has done it. Map 1 indicates that in the most southern part (Voralpengebiet)
and in the most northern part (Coastregions) a density of more than 60 dairy
cows per 100 ha had already been reached in 1971, whereas in the hilly regi-
ons of the middle part only less than 40 dairy cows per 100 ha are kept.

Map 2 shows that, furthermore,the regions with a high density have a positive
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Change in the number of cows 1960/1971
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trend with respect to the regional number of cows, whereas the regions with
less than 40 cows/100 ha are characterized by a decreasing number of dairy
Cows.

This regional concentration becomes also obvious by the comparison of the
percentage of milk production on the "Ldander" basis as given in table 3.

The portion of Bavaria and Schleswig-Holstein increased from 1958 to 1978,
whereas the Ldnder 1ike Hessen, Rheinland-Pfalz and Nordrhein-Westfalen lost
production shares.

Furthermore a considerable slope in the milk yield per cow is to mention
from the north to the south. Schleswig-Holstein reached an average yield per
cow of 4685 kg in 1978 whereas Baden-Wiirttemberg only 3900 kg recorded; this
is a difference of 17 p. c. Nevertheless, it is to state that the regional
differences in the milk yield are diminishing over time. In 1958 there had
still been differences of 38 p. c¢. and 31 p. c¢. resp. between Schleswig-
Holstein and Rheinland-Pfalz and Baden-Wirttemberg (see table 3), which is
now reduced to the mentioned 17 percent difference.

A further regional difference within the milk producing sector is to be seen
in the seasonal variation of the production. The northern regions are charac-
terized by remarkable seasonal peaks, whereas, the milk production in
southern Germany is more or less constantly distributed over the year. The
milk production of Schleswig-Holstein in October runs up to only 48 p. c. of
the production in May. The milk production in November (minimum) in Baden-
Wiirttemberg comes to 89 p. c. of the May production. According to these
differences in the seasonal production the seasonal price variation differs
considerably from north to south (see table 3).

1.4 Change in the structure of milk production

- v b e e - - - - = - - - .- -

Table 4 shows the present structure (1977) of dairy farming. The average
herd size in 1977 was not more than 10.4 cows per holder. Only 7.6 p. c. of
all cows stood in herd sizes of 40 and over. More than one quarter of all
cows (25.9 p. c.) were held in herd sizes of 9 cows and under. Given the
present state of technology and economic environment milk production can be
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regarded as efficient with herd sizes of at least more than 40. If this is
accepted only 1.6 p. c. of all milk producers in Germany fulfil the neces-
sary condition for efficiency in milk production. It is very likely that a
very high share of milk cows are milked by part-time farmers. If we assume
that full-time farmers own herd sizes of more than 9 cows can conclude that
58 p. c. of all milk producer do not earn their main income out of milk;
nevertheless, these farmers have 25.9 p. c. of all cows.

The data give a strong evidence of the inefficiency of the present milk in-
dustry in Germany. However, what matters from the dairy policy point of view
is not so much the present structure of the dairy industry as it is more or
less determined by historical facts and policy activies of the past. It is
of even more interest how the structure of the industry did change over
time. Of special interest e.g. is the question whether the actual herd size
increased over time more or less than the efficient herd size.
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The development of the average herd size gives empirical evidence about the
change in the production pattern of the German dairy sector. The growth

rate in the average herd size was 4.8 p. c. p. a. for the period 1959 to
1977, there is only a slight difference in the growth rates for the sub-
periods, for 1959 to 1969 it was 4.5, for 1973 to 1977 4.6 and for 1975 to
1977 5.1. These facts support the strong hypothesis that the actual average
herd size increased much Tess than the efficient herd size.

Table 5 and 6 give a deeper insight in the structural change in dairy far-
ming. The number of farms with 1 - 4 cows decreased considerably, from
798.100 in 1959 to 153.700 in 1977. In 1959 64 p. c. of all farms with cows
had 1 to 4 cows whereas in 1977 only 29.6 p. c. Concerning the farm size in
acreage table 5 says that up to 1973 there was only a decrease in the number
of farms with 1 to 9 cows. Since 1973 there is also a decrease in the number
of farms with 10 to 19 cows.

Having in mind that structural change in dairy farming consists of two com-
ponents the giving up of milk production on the one hand and the stocking

up of herd sizes on the other hand we may state that the farms which stopped
milk production become larger over time. As a consequence the percentage of
farms with over 20 cows increased from 0.8 in 1959 to 13.8 in 1977.

The process of specialisation within agriculture may be seen from the last
column of table 5. Those farms which provided alternatives in income earning
for the farmer ceased milk production to a very large extent. This holds

~ especially true for large farms over 50 ha in size and small farms with less
than 5 ha arable land. The latter farms mainly belong to part-time farmers
who are not dependend on milk production as the main source of income. The
same argument holds for farms with 50 ha and more. The situation is quite
different for farms which cultivate 5 to 10 ha or 10 to 20 ha. As at least
in the past most of the owners of these farms where full-time farmer they
had to rely on milk production to earn a sufficient amount of income. Con-
sequently, the percentage of farms of 5 to 10 ha which produced milk only
decreased from 98.5 in 1959 to 67.2 in 1977. Concerning the farm size 10 -
20 ha the decrease in the number of farms with milk production was even
smaller, from 85.3 p. c. in 1959 to 80.1 p. c. in 1977. Hence, the figures
indicate that the relevance of the milk price for farm income is the
greatest for farms of the size 10 - 20 ha. The farm size 5 to 10 ha seems

to be less important: These farms have mainly 9 cows or less per farm which
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Table 5: Dairy farms classified with respect to herd size and farm

size, FRG.
Dairy farms with ... cows Dairy farms
Year in p.cJin
1-415-9 10-19 20-29 30 and| totaljef all}p.c.
more dairy }ofall
farms | farms
Farmsize - 5 ha LF
1959 | 492,2 10,6 0,2 0,0 0.0 503,1 40,3 53,0
1969 | 209,3 14,3 0,6 0,1 0,0 224,3 26,8 34,9
1973 | 120,6 11,4 1,4 0,3 0,1 133,7 21,2 27,4
1975 | 100,2 10,9 1,1 0,1 0,1 112,5 19,6 25,1
1977 1 81,0 10,5 0.7 0,2 0,1 92,5 17,8 22,5
Farmsize 5-10 ha LF
1959 1 232,0 105,6 1,3 0,0 0,0 338,9 27,1 98,5
1969 | 107,2 96,0 5,6 0,1 0,0 209,0 25,0 82,5
19731 72,0 63,1 8,6 0,1 0,0 143,7 22,8 73,7
1975 | 61,0 57,2 8,8 0,1 0,0 127,0 22,2 70,9
1977 | 50,3 51,8 9,0 0,1 0,0 111,3 21,4 67,2
Farmsize 10-20 ha LF
1959 | 66,3 191,8 15,3 0,3 0,0 273,7 21,9 85,3
1969 } 29,0 173,0 49,6 3,0 0,1 254,7 30,4 90,7
1973 | 22,6 97,3 67,4 6,7 0,5 194,6 30,9 84,2
1975 | 20,1 82,3 64,4 7,6 0,6 175,0 30,6 82,7
1977 | 17,2 69,9 62,8 8,9 0,9 159,8 30,8 80,1
Farmsize 20-50 ha LF
1959 6,8 63,3 43,7 3,3 0,2 116,8 9,4 98,4
1969 5,1 44,0 70,4 13,8 2,6 135,9 16,3 91,1
1973 5,1 21,5 81,1 28,4 8,3 144,4 22,9 83,3
1975 5,4 18,6 76,3 32,0 11,2 143,6 25,1 81,5
1977 4,5 15,6 71,0 34,9 10,8 144,2 27,2 79,3
Farmsize 50 and more
1959 0,8 1,8 6,4 4,2 2,6 15,7 1,3 96,9
1969 0,7 0,9 3,8 3,6 3,7 12,7 1,5 70,6
1973 0,7 0,5 3,3 3,9 5,2 13,6 2,2 57,1
1975 0,7 0,4 3,0 4,0 5,9 14,1 2,5 53,8
1977 0,6 0,4 2,7 4,0 7,0 14,6 2,8 51,6
Farms total
1959 {798,1  373,0 66,4 7,8 2,8 1248,2 100,0 72,5
1969 {351,3 328,2 130,0 20,5 6,4 838,6 100,0 62,3
1973 220,3 193,7 161,7 39,4 14,2 630,1 100,0 56,7
1975 | 187,5 169,5 153,4 43,8 18,5 572,1 100,0 54,9
1977 1 153,7 148,1 146,3 48,1 23,2 519,4 100,0 53,0
A1l Farms in p. C.
1959 | 64,0 29,9 5,3 0,6 0,2 100,0
1969 | 42,0 39,2 15,5 245 0,8 100,0
1973 { 35,0 30,7 25,7 6,3 2,3 100,0
1975 | 32,7 29,6 26,8 7,7 3,2 100,0
1977 | 29,6 28,5 28,7 9,3 4,5 100,0

Source: Statistisches Bundesamt Wiesbaden and own calculations .
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Table 6: Dairy cows classified with respect to herd size and farm

size, FRG.
Dairy cows in farms with ... cows cows
Year :
1-4 l 5-9 j 10-19 ' 20-29 | 30 and | total |in p.c.of
| more all cows
Dairy cows in farms up to 5 ha LF
1959 | 955 58 2 1 1 1 057 18,6
1969 | 457 83 7 2 2 551 9,4
1973 | 266 66 18 7 5 362 6,6
1975 | 224 63 15 3 2 307 5,7
1977 | 184 61 9 4 4 262 4,8
Dairy cows in farms with 5-10 ha LF
1959 | 734 613 16 0 0 1 363 24,0
1969 | 335 601 72 1 0 1 009 17,3
1973 | 215 392 100 2 1 711 13,0
1975 | 182 359 102 3 1 647 12,0
1977 | 179 328 106 3 1 587 10,8
Dairy cows in farms with 10-20 ha LF
1959 | 225 1 270 197 6 1 1 699 30,0
1969 93 1 274 672 70 5 2 114 36,2
1973 69 685 852 151 18 1776 32,4
1975 60 583 822 171 21 1 657 30,7
1977 51 498 812 200 30 1 591 29,4
Dairy cows in farms with 20-50 ha LF
1959 20 503 597 77 9 1 207 21,3
1969 13 370 1 024 336 93 1 836 31,4
1973 12 164 1 126 658 296 2 255 41,1
1975 12 142 1 073 745 404 2 375 44,0
1977 10 118 1 010 816 562 2 516 46 ,4
Dairy cows in farms with 50 and more ha LF
1959 2 14 101 103 127 347 6,1
1969 2 7 60 93 174 336 5,7
1973 2 3 50 95 231 381 6,9
1975 1 3 46 96 263 410 7,6
1977 1 3 41 98 320 462 8,5
air s in farms total
1959 |1 976 2 459 913 187 138 5 673 100,0
1969 | 898 2 335 1 836 501 275 5 846 100,0
1973 563 1 311 2 146 914 552 5 486 100,0
19751 479 1 150 2 056 1018 692 5 395 100,0
19771 395 1 007 1978 1 120 916 5 417 100,0
All dairy cows in farms in p.c.
19591 34,8 43,4 16,1 3,3 2,4 100,0
19691 15,3 40,0 31,4 8,6 4,7 100,0
1973} 10,3 23,9 39,1 16,6 10,1 100,0
19751 8,9 21,3 38,1 18,9 12,8 100,0
19771 7,3 18,6 26,5 30,7 16,9 100,0

Source: Statistisches Bundesamt Wiesbaden and own calculations .
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indicates that the owners are either part-time farmers or have anyway their
main labor input on other economic activities.

Table 6 informs about the number of milk cows which stand in farms with

10 - 20 ha arable land, these were 812.000 in 1977 or 15 p. c. of the total
number of milk cows. This shows clearly that milk price policy is not very
efficient in achieving the income objective: To increase the income of
those who are in need of the positive milk price variations has to affect 85
p. c. of cows where the owners get an income increase which is not neces-
sary from the income objective point of view. At the present time struc-
tural change in the dairy sector is considerably influenced by expectations
concerning prospective policy activities. Many farmers expect the introduc-
tion of a quota system in some form. Consequently, they accelerate their
growth in the herd size at present. Thus, they may be not so much hurt by
production restrictions which may freeze the quantity of a base period.
Table 7 gives some evidence about the present growth rate of those farms
which want to stay in milk production.

Table 7: Present and planed herd size in Schleswig-Holstein

Region herd size
1977 3 to 5 years later
Marsch 27.3 41.5
Geest 31.2 45.0
Higelland 30.0 43.3
Schleswig-Holstein 30.0 43.9

Source: C.H. Thamling, 1979, p. 53.

The figures highlights the well-known fact that anticipation of policy
activities may provoke expected policy action as they tend to worsen the
situation.
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1.5 Structural change, milk supply and income distribution

The effect of structural changes on the supply of milk are twofold:

a) Those farms which stop with milk production have, in general, below ave-
rage milk yields per cow and below average efficiency in the production
activity. Hence, the giving up has the effect that the average yield per
cow in the country increases and averages as well as marginal production
costs decreases.

b) Structural change implies a stocking up of herd sizes on some farms. Due
to the technical change in milk production it is possible to realize
considerably economics of scale. Hence, this component of technical chan-
ge leads to a decrease in average and marginal costs in the dairy in-
dustry.

Figure 1 indicates the potential for decreasing costs by increasing herd
sizes. The data represent the situation in 1977. Given factor prices of
this year,total cost per cow and year comes up to 1.500 DM for a herd size
of 40 cows and goes down to 780 DM for a herd size of 200 cows which indi-
cates a decrease in costs by 50 p. c. The increase in efficiency and pro-
fitability may be even greater as the increase in herd size leads, in gene-
ral, to an increase in the yield per cow.

Figure 2 highlights the relationship between Tabor input and herd size. The
relative decrease in labor input with increasing herd size is less than of
total cost. This shows that new technologies in milk production decrease
more capital than labor input which may be a positive effect evalued from
the macroeconomic point of view and the weak labor market at present.
Furthermore, it is to assume that there exist a positive relationship be-
tween herd size and milk yield per cow. F. i. in the FRG we have an ave-
rage herd size of 10.4 cows and yields per cow of 4.142 kg, whereas the
corresponding figures for the region Geest in Schleswig-Holstein are 31.2
for the herd size and 5.067 kg yield per cow. This clearly shows that an
acceleration of structural change on the one hand is able to mobilise an
increase in productivity but on the other hand it may increase the problem
on the milk market with given market prices. Consequently, the need for a
reduction in market prices may be the more urgent the greater the struc-
tural changes in the dairy sector are.
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Structural change in the dairy sector has also some implications for intra-
sectoral income distribution and the efficiency of price policy as an in-
strument of income policy. At present it is much easier for large farms
than for small farms to introduce new technologies in milk production.
Hence, productivity increases are greater for large farms than for small
farms. Consequently, income changes over time with constant product prices
are greater for large thanfor small farms. If,on the other hand, price chan-
ges are supposed to guaranty sufficient income for poor dairy farmers more
and more milk producer will get an income increase which is not necessary
from the income objective point of view. Structural change tends to in-
crease the heterogeneity in the dairy sector. Price policy will be less
efficient in steering production and realizing the income objective at the
same time. Consequently, it seems more and more worthwhile to ask for the
effects of negative price variations on milk production and income in the
dairy sector.

2 Analysis of the volume and of the structure of milk production in

Germany

2.1 Objectives of the studies and methods applied

In the previous section it has been demonstrated that the milk production
has played a central role in the development of the agricultural sector

in Germany during the last two or three decades. The total volume of pro-
duction remained almost unchanged over a period of 25 years, nevertheless,
the structure of the dairy sector has changed considerably within this
period. There are to consider remarkable changes with respect to the farm
sizes and the herd sizes, to the regional distribution and with respect

to the intensity and the technique of production. In spite of the fact that
the milk production is the most important enterprise within the sector and
that this enterprise had been influenced by many factors, there exist only
a relative small number of research studies concerned with this topic.

This abstinence of German analysts may be explained by - at least - four
reasons, which render difficulties in analysis:

1. The degree of specialization of the farms in Germany is relatively low
and most of the dairy cows are raised in mixed farms. Hence, it is rather
difficult if not impossible to isolate the dairy sector. In addition, spe-
cial methodological difficulties are connected with interrelationship between
milk production and beef production. These enterprises are partly competing,
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partly of a complementary character.

2. Most of the factors which have mainly influenced the development of the
dairy sector are characterized by relative stable trends during the period
1960 to 1975. This makes it almost impossible to determine the special im-
pact the different factors have had on the change of the production struc-
ture.

3. Milk production is based on long term investments. Hence, any adjustment
at a changed data configueration needs an according time period. The

time lag of adjustment causes additional complications in modelling and
especially the "verification" of the parameters of econometric models is
comlicated.

4, The impact of some factors vary considerably from region to region and
from farm to farm. Especially aggravating is the fact that even the sign

of a parameter can differ,according to the region, to the time period or

to the price interval which is investigated., So it is possible that increa-
sing beef prices cause a reduction of the milk production in some farms be-
cause of the competition with respect to land and labor. Contemporarely
other farms will enlarge their dairy herds to receive more calves for fat-
tening. Taking into account the mentioned difficulties it is not surprising
that most studies aimed in substance at a projection of the milk production
where the main stress has been layed upon the projection of the changes in
the structure of production and in the regional distribution.

Trend extrapolation, markovian processes and similar techniques are applied
in these studies. Some of them are briefly reported in section 2.2 .

In a small number of studies it is tried to quantify the influence of
divers factors on the milk production. Of special interest in this context
are those investigations which try to determine price response functions
for milk. The leading features and the most important results of the diffe-
rent econometric studies are outlined in the following sections 2.3 .

In view of the remarkable difficulties which arose estimating parameters
of price response functions for milk in econometric approaches some authors
have calculated price supply function or price response relations by using
a normative marginal cost curve. The marginal cost curve has been derived
from linear programming models with profit maximizing objective functions.
The model framework, the model differenciation and the results of some of
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these studies are given in section 2.4 . In section 2.5 another normativ
approach is described in which the normative results of the single farm
models are combined with empirical information in a dynamic procedure.

2.2 Models extrapolating the German milk production

As mentioned above a considerable number of studies has been carried out

in which the milk production has been projected by extrapoiating the un-

derlying trends has number of these studies shall be briefly reported in

order to characterize the different approaches, as the data were used and

the results received. The studies can be classified

- by the applied extrapolation technigque (linear and nonlinear trend, .
markov chains, logistic curves)

- by the degree of disaggregation of the production variable,(number of
holders x number of cows per farm x yield per cow),

- by the regional differenciation and

- by the consideration of size classes etc.

The consideration of the regional distribution and of the size structure
of the herds and the farms resp. will be used as a grouping criterion in
the following short outline.

duction is based on simple trendcalculations, for the 544 Kreise of the
Federal Republic of Germany. Data areused from the period 1960 - 1968. As
he calculates separate trend functions for the number of cows and the miik
yield - or any Kreis,he gives a very differenciated picture of the German
dairy sector and its recent development. He could show that there exists a
relativenarrow positive correlation between the regional level of produc-
tion (number of cows/ha) and the growth rate. Later studies on a much
higher aggregated level give an indication that this regional concentration
process of the sixties can be suspected to maintain until today.
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E. Schmitt, L. Kersten and D. Manegold _(1977): This study uses the same

method as Miller (1971), however on a much more aggregated level, The
authors calculate also separate trend function for the number of cows and
the yield per cow. The data basis are the recorded data on the level of
the Bundesldnder during the period 1960 - 1976. A comparison of the results
of this study with Miller's results demonstrate that trend values are very
sensitive with respect to the regional level used.

R._EL-Saaday_(1972): EL-Saaday investigates the development of the milk
production in the Land Hessen. For his projection he uses a combination of
trend extrapolations, a markovian model and a single factor regression. He
estimates the number of cows per ha as a function of the farm size. The
farm size distribution is projected by a markov chain on the basis of the
changes within the Kreise of Hessen. The average milk yield per Kreis is
projected by a simple trend function.

Besides the projection of the milk production in Hessen EL-Saaday investiga-
tes the main factors influencing the differences of the production level in
the Kreise by using a principal component analysis. His main results are:
1.) The number of cows per ha are mainly influenced by the natural condi-
tions (67 p. ¢.). Further factors are the land-man-ratio (12 p. c.) and
the individual managerial ability of the farmer (15 p. c.).

2.) The milk yield is depending on the farmer's ability to 60 p. c. and on
the land-man-ratio to 22 p. c. The natural conditions contribute only

5 p. c. to the variance of yields.

- e o e o s o A s - - S - - - - -

G._Miller_(1968): Miller estimated the number of dairy cows in the Ldnder

sSDoSS==sSD=Ex==Ss

whereby the calculations are based on a classification of the farms by
their acreage and their herd size. The distribution of the farms to size
classes has been estimated by homogeneous markov chains with constant
transition probabilities. In a second step he analysed the distribution of
cows with respect to the herd size in any farm size class during the period
1949 - 1965 and thereof he estimated the future distribution by assuming

a monotonous change of the distribution. Taking into account the estimated
number of farms in any size class and the average number of cows in any
size class which had been derived from the estimated distribution to herd
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sizes he computed the number of cows per region and size class. For estima-
ting the milk yield he used a simple regression model where the annual in-

crease of the milk yield had been considered as a function of the level of

yield reached in the year before.

]

Federal Republic with relative homogenous natural conditions. Because of
the chosen regional differentiation he must be satisfied with the very
short reference period 1965 - 1974. He split up the variable "number of
cows" in the three components:

- the average number of cows per dairy farm

- the percentage of dairy farms at all farms and

- the number of farms.

By multiplying the three variables he results in the number of cows per
region. The number of farms and the number of cows per farm are projected
by using simple linear trend functions and logistic functions, whereas the
percentage of dairy farms has been estimated by applying markov chains.

oo e o e - - T - - - - -

In table 4 the resulting projections of eight studies are summarized. All
the projections are based on the extrapolation of the development trends in
the dairy sector. The study of Ruf (1967), Plate and Neidlinger (1971), the
Niedersachsengutachten (1971) and the Agrarbericht (1971) are based on
aggregated national data, whereas the other studies consider data on the
regional level as described below.

A comparison of the projection results with the actual figures of 1975

and 1978 resp. allows the following conclusions:

1. The studies of 1967 and 1968 tend to overestimate the milk yield, the
number of cows and the milk production for 1975. It can be argued that
these studies were not able to include the fact that the price of milk re-
mained stable within the projective period whereas the milk price has in-
creased during the analysis period.

2. The studies published in 1971 tend to underestimate the actual milk pro-
duction of the year 1980. The level projected for 1980 had been reached al-
ready in 1978 (see table 8).
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It can be argued that this underestimation is caused by the fact that the
projections had been based on data with a relative stable price level
whereas the actual milk price raised considerably in the projection period.

From these projection errorsit can be concluded
a) that there exist a positive price elasticity and
b) that the adjustment needs a considerable time period.

If the studies are compared on the regional level with the actual data then
an additional feature becomes abvious:

c) The tendency to over- and underestimate differsconsiderably with the
Lander. E. ¢g. the projections of Schleswig-Holstein and Nordrhein=Hest-
falen show a remarkable bias whereas the projections of Bayern and Baden-
Wiirttemberg seems to be reasonable. Hence, it might be argued that there
exist considerable differencies in the price elasticities of the regions.

2.3 Analysis of the milk production in Germany by econometric models

The econometric studies which will be reported in the next sections aim at
a reasonable prognosis of the development of the milk production in West
Germany by taking into account the impact of some exogeneous variables.
Four studies are reported which analyse the milk production by using one
or two independent equations in which several exogeneous variables are in-
cluded. This approach is also often named a muitiple regression analysis.
Furthermore, two large econometric models of the cattle sector are out-
1ined and discussed briefly. As in all the studies the milk price is re-
garded to be one of these exogeneous variables,all the models can be used
to appraise the impact of a milk price change on the dairy sector of
Germany.

A1l the four multiple regression studies use price responce functions as
the analytical tool and do not take into account the demand for milk. How-
ever, this model Timitation seems to be reasonable in the case under con-
sideration as the EC milk price is (at Teast in the short run) politically
determined and there existsobviously no relation between the consumption
at the EC market and the national production of milk. Although the four
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studies mentioned make use of relative similar models and are based almost
on the same data set,the resulting information differs considerably, espe-
cially the large variation of the estimated price elasticities leaves a
considerable margin for the interpretation and the valuation of any milk
price policy.

As mentioned there will also be outlined two large econometric models of
the cattle sector of West Germany in which the farmers' supply response to
milk price changes are integrated. By interpreting these model results and
by comparing these results with the simple regression models it is to take into
account that the large models aim at the analysis of all the interrelation-
ships which exist within the whole dairy/beef sector. In addition, the mo-
dels have a recursive structure which consider only the most direct inter-
relations explicitely. Hence, the elasticities of the special equations of
the model in which the milk price is explicitely involved do not indicate
correctly the total impact of a change of the price variables to on the
dependent varialble. The direct price elasticities of these models are
usually smaller than the elasticities derived from single equation models.
The total impact of a price change can be derived by the calculation of the
whole system with varying price assumptions.

series data of 1959 - 1971. He estimated separate supply response functions
for the eight Lander of the FRG and for the Federal Republic of Germany as
an aggregate. He divided the variable "milk produced" in its components:

- the milk yield per cow (YC)

- the average number of cows per dairy farm (ADF) and

- the number of dairy farms (NDF).

The following equations were estimated independently by the ordinary least
square technique:

(1) NDF = ofy + By * MP, . +’lf1t

(2) ADF = o€, + B, MP, 3 +¥, BP. 3+ Vot

(3) YC = 4+t

with t = time and MP = milk price and BP = beef price and of,B,¥ >/

= regression parameters.
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By this model Ryll came to the following elasticities of the number of
cows with respect to milk price changes taking into account eq. (1) and
eq. (2):

Federal republic_______:_ 0,25
Schleswig-Holstein : 0,25
Niedersachsen : 0,13
Nordrhein/Westf. : 0,30
Hessen : 0,47
Rheinland/Pfalz : 0,49
Saarland : 0,31
Baden/Wirtt. : 0,17
Bayern : not significant at the 90 % level.

The elasticities of the number of cows with respect to the beef price had
been significantly negative in the Lander Schleswig-Holstein, Nieder-
sachsen and Nordrhein/Westfalen, whereas all other country equations and
the equation for the FRG do not have significant regression parameters.

It should be emphasized that Ryll has experimented with different time
lags of the price variables; the best results from the view point of sta-
tistical significance he received by implementing a 3 years'lag.

In order to find some explanation for the differing price elasticities he
investigates additionally supply response functions in Schleswig-Holstein
on a more disaggregated level. He separates groups of farms by the natural
conditions (Marsch, Geest, Hiigelland), by the size of farms and by the
percentage of permanent grassland. The resulting elasticities of the num-
ber of cows with respect to milk price changes are presented in table 9.
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Table 9: Price elasticities in groups of farms in
Schleswig-Holstein (Ry11 1973)

?ﬁrg?"ﬁ?togr:;iT?ggd milk price elasticity

Marsch 58 0,23
Geest 45 0,19
Hiigelland 25 0,33
10-30 ha <30 0

> 30 0
30-50 ha < 30 0,30

> 30 0,17
50-100 ha <30 0,45

> 30 0,15

It is to be emphasized that the elasticities derived from the calculations
on the group level give only partly a meaningful exploration of the diffe-
ring elasticities of the Ldnder. The small co-efficients of Bayern and
Baden/Wiirttemberg might be explained by the small average farm size of
these Lander and by the high percentage of permanent grassland. However,
the highest elasticities are estimated for Hessen and Rheinland/Pfalz which
are countries with an extreme small farm size and a medium percentage of
grassland.

H._Doll _(1977): The study of H. Doll is based on the annual data of the

Federal Republic and on annual data of groups and regions within the FRG.

For the FRG he estimates diverse supply response functions taking into

account the milk price index, the price index of calves and of beefcattle,

in addition a trend variable and some other exogeneous variables. The re-

sulting parameters of the regression equations are given in table 10.

He used the same time lag of three years like Ryll (1973). However, his

calculations are distinguished from Ryl1's calculations by:

a.) the direct estimation of the number of cows in one equation instead of
two equations

b.) his reference period was 1965 - 1974 (Ryll's period has been 1959 -
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1971) and
c.) he includes more exogeneous variables.

As it canbe seen from table 10 he resulted in considerably higher price
elasticities (between 0.451 and 0.636) than Ryl1 (0.25 for the FRG).

Taking into account that a splitting of a variable in its components usual-
1y results in a higher elasticity, and taking into account that the referen-
ce periods overlaps considerably, it can be argued that the consideration
of the additional factors - especially the prices of calves and beefcattle -
in the response function are mainly responsible for the different and the
higher elasticities.

In addition to the analysis on the FRG level he carried out equivalent
estimations on a very disaggregated level. For 42 regions of the FRG he
estimates supply response functions whereby in any region 5 groups of farms
were distinguished, they have been differenciated by the farm size in ha.
The elasticity coefficents of four typical regions are given in table 12.
The four regions are characterized by the percentage of permanent grassland
and the possibilities to get jobs outside of the agricultural sector (see
table 11).

Table 11: Characterisation of the regions reported in table 12

Region percentage of permanent working possibilities
grassland outside of agriculture
72.4 poor
12.0 good
17 60.5 good
35 29.3 poor

The group results received by Doll (1977) confirm Ryll's group results to
some extent and complete them partly. The elasticity of supply response is
obviously strongly dependent on the working conditions of the regions. On
the other hand no distinct tendency towards higher or smaller elasticities
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with respect to the farm size can be concluded from Doll's group results.
Furthermore, it seems to be that the elasticities becomes the higher the
less aggregated the involved groups are; it seems that varying reactions
are to be expected to be wiped out by aggregating.

H._ 0. Aeikens _(1979): Aeikens constructed a model to forecast the milk pro-

duction of the whole EC. For this purpose he estimated independent supply
functions for any of the EC countries and he distinguished between a func-
tion for the number of cows and one for the milk yield. For Germany he
presents the following two regression functions:

(1) DC = 7403.27 - 16.53 CPt_1 - 6053.23 Xt-1.5 -191.27 SD
(2) YC = 2866.58 + 349.88 MP/FP (t+t-1)12 + 12.62 Al

with

DC = number of dairy cows

cP = cereal price

MP = milk price

FP = feed price

X = industrial wages/income from dairying

SD, Al = dummy variables

The price elasticity of the milk yield per cow can be derived from equation
(2) directlyand itis0.08. The total price elasticity of the milk production
cannot be derived directly as in equation (1) the milk price is implemented
in the variable X, Therefore, it is tried to calculate an approximate
figure for the elasticity by using the results Aeikens presents for diffe-
rent scenarios for which he has calculated a projected development path.
He has used 6 different price scenarios, where the scenarios of the va-
riants A, B, C and the scenarios of the variants D, E, F are comparable
with respect to all prices except the milk price. In table 13 the approxi-
mated elasticities derived from his results are presented.
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Table 13: Model results of Aeikens (1979) and price elasticities
derived
tota]
milk yield number of cows milk
produc-
tion
O L Fe---b oo
] 1
1 Vvariants | milk diffe- . elasti- | diffe- , elasti-] elasti-
compared | price rence p City rence 1 City city
diffe- within 2, derived | within 2, derived| derived
rence years in. years in,
p. C. ) p. C. '
] ]
] 1
A,B -1.5 0.17 ' 0.09 0.77 ' 0.39 0.47
] ]
B,C -3.0 0.17 v 0.09 0.68 y  0.34 0.42
_______________ S S E Y P
i 1
]
D,E -1.5  |o0.18 ., 0.09 0.55 , 0.28 0.37
E,F -3.0 0.19 ' 0.10 0.54 ' 0.27 0.37
1 ]
1 ]
] : .

The results are not very different from Doll's (1977) results. However, it
should be emphasized that Aeikens used only a very small time lag of one
and a half year with respect to the number of dairy cows and of only half a
year with respect to the milk yield. Hence, it can be argued that his esti-
mates neglect the long run effects at least to some extent.

H._Becker_(1979): Becker's study is mainly concerned with the income

effects which are to be expected if the intervention of butter and skim
milk is stopped. He used two approaches to estimate the recent price
elasticity of milk. One of his estimations is based on a production func-
tion analysis. He derives indirectly the price elasticities from the factor
shares and the price elasticities of the factor input:

2
2 =iE Ky with

K

factor shares

. rice elasticity of the factors and
hi P Y 3 = land;

i =1,...4 with 1 = labor; 2 = capitalinvestment; 4=variable input factors



- 37 - D

The author used crude guesses for the factor elasticities and he came to a
short run elasticity of 0.2 and to a long run elasitcity of 0.74.

By using a time series analysis with a double Togarithmic function he re-
sults in a price elasticity of the milk production within the range

0.75 - 0.80.

J._Haimerl _(1969): Haimerl described and analysed the German cattle sec-

tor by an econometric model which consists of 39 equations. The model had
been constructed in a bloc recursive form and the 39 structural equations
are subdivided in six submodels.Some of the submodels have also a recursive
structure so that ordinary least square estimators could be used. The esti-
mation of the model parameters had been based on the half-year data between
1953/54 and 1966/67.

The first of the submodels is describing the milk production. The number of
cows are explained in the first place by an autoregressive process; the
number of cows in the period before are used as a lagged endogeneous
variable. However, in addition other explaining variables are considered,
€. §. the labor capacities, the acreage of foddercrops and the beef prices.
The milk price which had been included in some of the variants did not show
significant parameters. However, it is to emphasize that Haimerl used the
milk price with a time lag of only half a year so that it would be very
surprising if a significant coefficient could be established. In opposite,
the milk yield equation brought a significant positive price elasticity
with respect to the milk price. This elasticity calculated with no time lag
had been approximately 0.08.

W._Riither_(1978): Riither's model is much less disaggregated than the

Haimerl (1969) model and is Timited to 11 equations. Riither based his cal-
culation on the quarterly data of the period 1960 - 1976. He applied a
three stage least square procedure to estimate the parameters of the model.
Hence, he had not been forced to formulate all interdependencies in a re-
cursive manner.

The relationship between milk production and milk price is implemented in
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his model in the equation explaining thevariable "number of cows in t".
The following variables are used as explainingvariables in this equation:
- number of cows in t

number of cows (t-1)

- relation milk price/beef price (t-2)

- number of young females (t-4)

- relation milk price/beef price (t-8)

- number of dairy farms (t)

- time variable and some dummy variables.

As quarterly data are used a time lag (t-8) means a two years' time lag a.
s.o0. From this formulation it can be seen that Riithers model has also a
strong autoregressive form. Futhermore, it is to see that the milk price
influences the development of the number of cows with two different time
lags. Hence, two different direct price elasticities are to calculate. In
this model the milk price shows a short run elasticity of 0.06, the long
run elasticity lies between 0.14 and 0.21.

However, these elasticities do not consider that the milk price influences

the milk production indirectly by the following interdependencies included

in the model:

a.) The autorecursive relationship of the number of dairy cows effects that

any change of the number of cows caused by a price change in one period is

transmitted to the next and all following periods if even with decreasing

rates.

b.) Another equation of the model says that the number of young females is

depending on the milk price with a time lag of 2 years. According to this

equation and taking into account that the young females are a time lagged

explanatory variable of the number of cows a further indirect, however

lagged influence is to be to consider. Hence, it can be expected that

1.) the total impact of a milk price change is considerably higher than the
direct elasticity of 0.14 to 0.21 indicates and

2.) that (because of the autoregressive structure) the price elasticity
will increase with the time horizon taken into account and the elasti-
citiy will adjust asymtotically a certain level.
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2.4 Supply analysis by linear programming models

Supply elasticities resulting from normative approaches are very difficult
to interpret as there do not exist any comparable and simple measure like
the "significance level" of the econometric parameters. Hence, the confi-
dence given to a normatively derived "elasticity" is exactly equal to the
confidence which is given to the model and, hence, this is completely sub-
jective.

However, it should be emphasized that "econometric" elasticities are just
as much subjective as "normative" elasticities for "econometric" elastici-
ties are accepted if and only if the model is subjectively considered as a
suitable and a sufficient picture of the (unknown) reality. With other
words "normative" results are either better or worse than "positive" re-
sults. In both cases it depends on the model and its special specification.

The usefulness of a linear programming approach for estimating farmers'
response to price variations depends mainly on how the following model com-
ponents are formulated and implemented:

accepted that at least some farmers behave risk averse a.s.o.

b.) Number_of_farm_models: The aggregation error can be regarded as one of
the most serious errors in normative models. It is to state that a high
level of aggregation does not only cause instabilities in the response
function but also biases. The aggregation bias is not directly depen-
ding on the number of farm models, however, the aggregation bias is at
least correlated with the number of models. Hence, a large number of

models seems to be desirable.

multiple possibilities of adjustment to new data configuerations are
actually implemented in the model. A large size of the LP-models is no
guarantee for a suitable formulation of the adjustment possibilities,
however, if the model is too small and too aggregated it is sure that
the model cannot well reflect the response to price variations.

can be sold or bought from outside the farm. As the proportion of the
fixed factors vary with the time horizon taken into account the model
results reflect the supply response within a given exactly defined time
period.

e.) Interfarm_relationships: Furthermore, it is very important if and in
how far the interdependencies between the farms are taken into account.
In this context, it is to distinguish between the so called "represen-
tative farm approach" and the "simultaneous sector model". In the first
case the price supply response is calculated for any farm model inde-
pendently and than aggregated to a sectoral response function, whereas
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in the second type the sectoral response is calcualted simultaneously
for all farm models.

In the last two decades a considerable number of studies using the linear
programming approach had been carried out to investigate the supply respon-
se to changing milk prices. However, no study satisfies all the require-
ments given. Hence, the resulting elasticities have to be interpreted very
cautiously and it should not be given too much confidence in the values ob-
tained. Nevertheless, some of the studies are outlined very briefly as they
show interesting features with respect to some aspects.

et s

tive farm model approach. Their calculations are based on about 100 LP-
models which reflect the production conditions of the Landkreis Hildesheim
in Niedersachsen. The different farm models are of a size of about 50 x 50
columns and rows resp. and include a sufficient number of activities to re-
flect possible adjustments. Special investment activities allow to adjust
the number of cows to increasing milk prices; the factors "labor and land
input" are considered as fixed at the farm level so that the time period
being investigated is to be assumed as 5 to 10 years.

As all farm models are based on the special data of only one Landkreis the
results on the level of the FRG may not be regarded as very representative.
Hence, the differing results of the different farm groups seems to be the
more interesting outcome. Meinhold and Dieterich show that there exist a
relatively strong dependency between price elasticity of supply and the
land-man-ratio. It is to conclude that the more land per labor unit is
available the more elastic is the milk supply function; or with other
words:

- large farms react more elastic to milk price changes than small ones and
- part time farms react more elastic than full time farms.

'gfgzlg§§i§g§g_(192§)g The Ifo-Institute Minchen carried out in 1976 a
study about the possibilities to establish an equilibrium at the milk mar-
ket and the beef market of the EC. Their argumentation had been based on
the hypothesis that the price elasticities of milk and beef are so small
that a price policy cannot be regarded as a suitable instrument. Hence,
they propose "special regional instruments". The discussion is based on

LP-calculations of only three models for the FRG. The models used do ob-
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viously not include a broad variety of adjustment possibilities, hence, the
models react with unrealistic adjustment steps. If the results received by
these models are converted to "elasticities" the "average" elasticity
account to be about 1 or even more (see table 14); what is obviously con-
tradictory to their political argumentation.

Table 14: LP-Model calculations by the Ifo-Institute (1976)

Reduction of milk production in p.c. corresponding
by a milk price change of ... p. c. elasticities
-10 % -20 % - 30 % -10% -25% -30 ﬂ
model 1 -12.5 -12.5 -37.5 1.25 0.7 1.2
model 2 0 -15.4 -92.3 0 0.75 3.0
model 3 -17.6 -17.6 -41.1 1.8 0.9 1.2

Henze_and_Zeddies (1979): Henze and Zeddies have also carried out a nor-
mative study of the German milk market by using the representative farm
model approach. Their quantitative results with respect to the milk supply
response are based on only 14 static Tinear programming models which should
represent the dairy sector of Germany. The models are distinguished by the
farmsize and by the production pattern. In addition, there is dinstingui-
shed between full time and part time farmers. The 14 models are computed
with different assumptions with respect to the time horizon of adjustment
and with different price relations. For the short run (1 year) they come

to very small elasticities (see table 15), whereas the medium range elasti-
cities (3 years adjustment) are calculated to be about 0.4 if a 25 % price
decrease is assumed.
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Table 15: LP-Model results of Henze and Zeddies (1979)

Decrease of milk price | Corresponding change Short term
of production (short elasticity

term)
10 % -0,13 % 0,013
20 % -1,38 % 0,069
30 % | -8,50 % 0,28

Bauersachs _and _Niebuhr_(1978): In opposite to the other studies mentioned,
Bauersachs and Niebuhr used a simultaneous model of the agricultural sector
of Germany. On the production side they use a differenciation by four size
groups of farms. Any group model is producing nine different products with
a given maximum market potential. The adjustment to variations of the price
relations is calculated starting from the year 1971. As it can be seen from
table 16 they result in a long term elasticity of about 1 and this in the
case of increasing and decreasing milk prices as well. The short term
elasticities of this model had been less than 0.1, whereby short term means

“response within one year".

Table 16: Model results from Bauersachs and Niebuhr (1978)

model milk price change of milk production

variant change in p.c. annual total elasticity
I + 14,37 + 1,0 + 14,94 1,04
II - 2,76 - 0,2 - 2,76 1,0

IT1 - 22,0 - 1,8 - 22,5 1,0
IV - 22,5 -1,8 - 22,5 1,0
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2.5 Supply response of the German dairy sector with respect to changes in
the EC-milk-price policy - A normative approach

The model of Hanf and Koester (1980) which will be outlined in the next
sections has been constructed in order to study the probable effects of a
change in the price policy on West-Germany's agricultural sector; the ana-
lysis puts a strong emphasis on the impact of decreasing milk prices.

The choice of the model type and the construction of the computational pro-
cedure as well were considerably influenced by the fact that different ob-
jectives were pursued by carrying out the analysis. The main objectives of
the study were:

1. To analyse the probable reduction of milk supply due to a certain
change in the development of milk prices over time.

2. To analyse the adjustment in the overall production pattern and in the
structure of factor use caused by a change in milk price policy.

3. To estimate the Tossinincane of West German farmers due to a decrease

in milk prices and especially the potential to compensate these losses by
an optimal adjustment to the change in price ratios.

4. To receive information about the probable impact on the structural de-
velopment of the sector, mainly to quantify approximately the number of
farmers and farm workers who are forced to leave the sector due to a change
in price policy.

Furthermore, the model should provide the information mentioned above on a
regional level and for specific types of farms as well.

The decision to accept a normative approach was based on the following
reasoning:

a) Statistical informations about production and supply are obtainable only
on a very high aggregated level (FRG) and with some reservation on the re-
gional level (Bundeslander). This is especially true if data on the farm
group level over a period of 15 to 20 years are to be considered.

b) Adjustment processes in milk production, especially adjustments to de-
creasing prices, take a long time, as some of the most important factors
used in milk production are fixed on farm level for a relative long time
period and there exist only Timited employment alternatives. Hence, it
would be necessary to estimate a very wide spread distributed lag function.
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This would reduce considerably the chance for estimating significant co-
efficients of cross-price-elasticity due to the relative small number in
degrees of freedom.

c) In fact, there have been some negative price changes in the last twenty
years if deflated (relative) prices are considered. Nevertheless, in the
last two decades West Germany did not have a considerable negative shift in
the milk price development, which is the problem under consideration. Hence,
it seems justified to doubt the usefulness of the price elasticities esti-
mated by econometric methods as these methods usually estimate under the
assumption that the annual price variations are independent.

The authors used a representative farm model and they defended the applied
‘representative farm approach' by the following arguments:

a) It may be agreed that 'representative farm models' have to assume a con-
stant market price which implies an infinite price elasticity of demand.
This is obviously an overestimation of the market potential at a given
price. However, on the other hand 'simultaneous models' are forced to as-
sume a fixed demand capacity; this is certainly a relative artificial as-
sumption, especially if we take into account that the relevant market for
West German agriculture is the EC-market and that EC-policy may affect the
market potential.

b) The only simultaneous constraint with respect to intermediate products
which is of crucial relevance for the problem under discussion is the
balance of calves within the FRG. Indeed it has to be assume that import
and export elasticities for calves are not so high, that a constant price
assumption can be justified. However, this problem can be solved: It will
be applied an iterative procedure in the calculations of the individual
farm supply functions that an approximate balance of calves can _be guaranteed.
c) The land constraint can be met in 'representative farm models' if no
trade in land is allowed. In this case the mobility of land will be under-
estimated. On the other hand, simultaneous equilibrium models assume full
competition ¢n land market. This assumption will certainly lead to a un-
realistic land transfer within the regions. It might be argued that the
mistake with respect to the land market in representative models can be
reduced at Teast to the same level as in simultaneous models if a respec-
tive additional land distribution model is attached to the representative
model (see Hanf and Doppler (1972)).
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To sum up, it has to be agreed that representative approaches show some
slight shortcomings as compared to simultaneous approaches. However, there
exist some remarkable advantages by applying the representative approach.
This concerns mainly model formulation:

1) Representative models can consider any operational objective function,
e.g. it is'possible to allow for a risk aversive behaviour.

2) The models can be based on incomplete information about future.

3) Temporary incomplieteness of the markets can be taken into account
adequately.

4) Dynamic adjustment processes can be approximated more adequately than
in large simultaneous models.

The most important difference and advantage resp. may be seen in

5) representative models are not influenced by aggregation errors if the
representative farms are drawn as a random sample from a large sample
size and the sample error connected with the approach is a diminishing
disturbing factor.

6) Finally, the necessary computer time of large and relatively differen-
ciated representative farm models' is considerably smaller than the
necessary computer time for simultaneous models, as the computer time
is proportional to the number of farm models involved whereas in simul-
taneous models the time required increases with a potential factor of
2 to 3, even if efficient algorithms are applied.

2.52 Qutline_of the model

In order to achieve the objectives mentioned a disaggregated and dynamic
approach has been applied. Taking into account the limited computational
and working facilities and the given data information a four stage model
has been used.

Stage 1: Definition and construction of an artificial sample of represen-
tative farms and their respective linear programming models.

Stage 2: Computation of diverse price supply response curves of the indi-
vidual farm models by parametric programming .

Stage 3: Calculation of adjustment curves for individual farms to changes
in price relations.
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Stage 4: Aggregation of the individual adjustment curves to sectoral,
dynamic response functions.

In the following sections the basic features of the model stages are
described very briefly. A more detailed description is given in Hanf and
Koester (1980).

As no sufficient information about the data on farm level had been avail-
able an artificial sample of representative farms had to be constructed.
In order to represent the West German dairy sector 200 farm models were
constructed for every of the 42 agricultural regions of the FRG. The
necessary input data for these representative farms were produced by a
random computer program which guaranteed that any of the regional sample
of 200 models reflects the known statistical proportions of the dairy farms
in the respective region. The program took into consideration the known
distribution of farms with respect to size classes, the average input and
output coefficients and their variances and covariances as far as they are
obtainable from official statistics and research reports. On the basis of
the mentioned information about 40 data were assigned to every of the mo-
dels by a random process. The remaining data have been assumed to be iden-
tical for all farms.

The data assigned to the models can be grouped as follows:

a) Prices: Regional differences are considered and an individual variation
are caused by the random process taking into account information about
variances and covariances gained from the analysis of book keeping
data.

b) yields: the same as prices

c) production capacities (acreage, permanent grassland, labor force and
buildings) are assigned randomly taking into account the distribution
of these factors to farm size group and to groups of farms with diffe-
rent number of cows and others.

d) Dynamic data.

- The year in which the owner of the farm will retire has been assigned
to the models by using the age structure of farm owners in West
Germany.
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- Furthermore, it was assigned a special year to any of the farm models
in which the existing buildings and dairy equipments will have to be
reinvested. This year has been assigned by a random generator which
was based on a rough guess of the age structure of buildings and '
dairy equipment considering the development of investments in the
past.

For all of the "representative" farms a linear programming model has been
constructed. The model involved a deterministic and a stochastic part.

The latter one was added in order to take into account adequately the
variances in the fodder economy. The approach used can be described as a
"penalty cost" model, where missing quantities of roughage causes costs
which were derived from the necessary substitution of roughage by concen-
trates, whereas overproduction in a special year does not result in any
positive value.

The input-output matrices of all representative farms have identical
structures and vary only with respect to the values of the variables,which
are assigned individually to any model as mentioned in the previous sec-
tion. The matrix is extremely detailed with respect to dairy, beef, and
fodder production, but cropping activities are highly aggregated to only
two crop production activities. Accordingly, constraints required for crop
rotations were not considered, whereas limitations in fodder production
and conservation and in diet requirements of dairy cows and other livestock
are represented in detailed constraints. Specification of milk production
is based on a milk-yield function with decreasing marginal returns with
respect to an increase in input of concentrates. This non-linear function
is approximated by six linear segments.

In the second stage a set of price supply functions are calculated by
parametrizing the milk price for every representative farm model. The com-
puted price supply functions differ with respect to the factors which are
assumed to be variable, hence the marginal cost curves differ.

The basic function is the so called "long term" supply function S0 which
is marked by the assumption that all factors are variable with the excep-
tion of the available acreage.
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This price supply function S0 is assumed *to be a good approximation of the
adjustment path in the case of an increase in milk prices, however, the
production adjustment of an increase in prices may follow this path with

a time lag of at least one or two years.

In the case of a price decrease, it is ovviously not rational to follow
this supply function as some of the input factors have to be regarded as
fixed. Hence, a set of different supply functions has to be calculated
which differ with respect to the factors being assumed as fixed. In table
17 the respective supply functions are indicated. Furthermore, it has to
be kept in mind that the adjustment process in the case of a decrease in
prices depends on the initial price level. Hence, a further set of supply
functions has to be calculated for every type of the mentioned situations
in accordance to different initial price levels.

The factors assumed to be fixed for a certain period have been taken from
the “long term" function S0 accepting the price from which the period of
decreased prices starts. Theoretically there exists an unlimited number of
short term price supply functions, however it might be regarded as suffi-
cient to compute this functions only for certain points. The intermediate
functions can be derived with sufficient accuracy by interpolation.

The relation between these supply functions is indicated in figure 3 and

4. In figure 3 the function S0 refer to the socalled "long term" supply
response function. SI’ SII’ SIII are supply functions which indicate supply
response to a decrease in prices with an increasing number of factors be-
coming variable over time.

Supply functions in figure 4 have the same underlying assumption with
respect to the factor mobility but they differ with respect to the price
level from which the price decrease starts. The function S(IIIpl) indi-
cates a supply response function where the factor fl...fn are fixed and
the price decrease starts from price level Py S(II]pZ) indicates the
respective function starting from a price level Py Supply response func-
tions S(II]pi) with p; > p; > p, can be derived by interpolation between
the function S(Illpl) and S(IIIpz) as indicated by the dotted Tines.
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In the previous stage of the procedure a set of supply response functions
are calculated which differ with respect to the underlying assumptions
concerning the fixity of factors. In stage 3 these functions are used to
define an adjustment process for every farm model.

The procedure which is used in order to convert the set of static functions
to a dynamic adjustment process can be explained easily by interpreting
figure 3 as follows:

Assume that S(I) refers to a response function where only those factors
are assumed to be variabie which are disponible in a very short period,
whereas in S(II) more factors are assumed to be variable. Hence, function
S(II) refers to somewhat longer period than S{(I). In this case figure 3
may be interpreted as follows:

If the price of milk decreases from Po to py the supply will be reduced
from Xo to X, more or less immediately. After a period which depends on the
special situation of the investigated farm the supply will be reduced from
X, to Xos when a set of other factors become variable. After some time
further factors will become variable, hence the supply will be reduced

from X5 to X3 and then finally to Xg-

If the points of time are known at which the different factors become
variable (have to be replaced) the adjustment process to the new price
level can be derived easily. As mentioned above, assumptions about the age
structure of the dairy equipment and the buildings have been set. Hence,
the point of time can be determined at which reinvestments are necessary,
respectively the points of time where these factors become variable.
Furthermore, we have assumed that the labor force becomes variable at the
time the farmer will retire. Hence, an adjustment process can be defined
for every farm model.



- 53 - D

In stage 4 of the computation procedure the different adjustment processes
are aggregated to a sectoral adjustment function. This aggregation process
has to consider that the farm models are constructed by using a strati-
fied sample procedure, hence respective weighting factors have to be con-
sidered.

The adjustment process of the milk production to a change in the price
level is accompanied by different changes in the production output of
other products and in the input of variable factors. Furthermore, any
price change and any adjustment process causes changes in the income
situation, which are of a considerable interest. As linear programming
models are used as the basis of the determination of the supply response,
all changes in other variables connected and caused by this adjustment
process are determined simultaneously. Hence, the corresponding develop-
ment process of all other variables - presupposed they are endogenously
considered - can be calculated by the same procedure as it has been out-
lined for the milk supply response.

The dynamic procedure described above had been run over a 20 years calcu-
lation period in several variants. The variants differ in the following
aspects:

- the milk price strategy investigated,

- the level of milk price decrease

- the assumed rate of technical progress and

- the model assumptions considering the labor mobility.

It is assumed in all model variants

- that the change in the price strategy is set in action in 1980/81
and

- that the price change considered is a relative price change, relative
to the prices of all other agricultural products.

- Furthermore, it is assumed that no additional factors are working which
change the competition power of the milk production versus other enter-
prises (c.p. assumption) and
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- that the technical progress is neutral with respect to all agricul-
tural commodities.

Four different milk price strategies are investigated:

A: The price shall decrease over a 5 years period with an annual rate
of x percent. After this five years the milk price is assumed to
be stable over time and no further changes in the price relations
will occur.

B: The price shall decrease only in the first year and then the price
relations should be stable.

C: A five years continuous price decrease is assumed, after this period
the price will be raised again so that after further 5 years the
original price relations will be obtained again.

D: Only one price decrease in the first year, then, 1ike in strategy C,
a continuous increase to the original price relations.

The assumed strategies A and C were calculated with annual price changes
of 1, 2 and 3 percent, whereas B and D were computed with rates of 5, 10
and 15 p.c.

As already mentioned the model describes an adjustment process of the

milk production over a 20 years period. As the adjustment during the first
5 or 10 years are certainly of a higher interest as the adjustment in the
second phase, the tables give only the price elasticities until the 10th
year after starting the price change. It should be mentioned that Hanf and
Koester (1980) present only "dynamic elasticities" which express the total
reduction of the milk production during the whole period under considera-
tion in relation to the price change. These elasticities are not com-
parable to the elasticities usually derived from econometric studies,
hence, the usual elasticities had to be calculated indirectly from the
"dynamic elasticities" which may have caused some minor errors. The
elasticities are given in the tables 18 - 22 and the most important fea-
tures can be summarized as follows:
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. In the short run there do exist obviously only few possibilities to
react on the price change. The elasticities are 0.2 and 0.4 resp. for
a two years adjustment period (see table 18).

. After an adjustment period of about 5 years an elasticity of about

1 is reached (see table 18).

. In the long run the price supply elasticity is about 1.5 - 2.0 if

a 10 years adjustment is considered (see table 18).

. It can be recognized that the elasticity is depending on the extent
the price level is changed. As it can be seen from table 18 the
average elasticities become smaller with increasing price steps.

This becomes still more evident by considering the "marginal"
elasticities.

. The labor market conditions have a considerable impact on the long
run elasticities as it can be seen from table 19. Depending on the
off-farm job situation the medium term elasticities may vary between
0.5 and 1.2.

. The effects of a changed price policy are more or less independent of
the special treatment of the policy as it can be concluded from the
comparison of the elasticities caused by policy A and policy B (see
table 20). However, the supply response will be considerably smaller
if the price will be again increased after a certain period.

. Differences in the elasticities of different groups of farms are

to consider only in the medium and the long run as it is shown in

the tables 21 - 23. The elasticity of supply increases with the size
of farms and the size of herds. With respect to the percentage of
permanent grassland table 23 shows that a minimum elasticity is given
in farms with about 50 - 70 p.c. grassland, whereas farms with a high
percentage of arable land and pure grassland farms as well show a
higher elasticity. The latter may be caused by the larger average
size of those farms.
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Table 18: Supply elasticities of milk under the assumption of price
policy AHanf and Koester (1980))

Price policy At average supply elasticity in year t ... after the price

Price change 1 9 3., 5. .. 7., 10 change
- 5% 0.1 0.4 1.0... 1.1...1.8... 1.9
- 10 % 0.1 0.2 0.9... 1.0...1.7... 1.9
- 15 % 0.1 0.2 0.8... 0.9...1.4... 1.6

“marginal" supply elasticity

- 5% 0.1 0.4 1.0 .. 1.1... 1.8... 1.9
5-10 % 0.1 0.1 0.6 .. 1.0...1.6... 1.9
10 - 15 % - 0.1 0.5 .. 0.5...0.8... 1.0

"The price is assumed to be decreased over a 5 years period and the off
farm working conditions are assumed to be relative good.

Table 19: Supply elasticities of milk under varied off farm working
conditions (Hanf and Koester (1980))

off-farm |Supply elasticities in ..... year t after the price change
Forking
conditions 1 2 3... 5... 7... 10
bad 0.1 0.2 0.5... 0.6 ... 1.0... 1.1
good 0.1 0.2 0.9... 1.0... 1.7 ... 1.9
?xc%l- 0.1 0.2 1.2... 14 ... 2.4... 2.8
en

- Price policy A (see table 18) with a 10 % price decrease




- 57 -

Table 20: Supply elasticities of milk under varying price strategies
(Hanf and Koester (1980))

Type of Elasticities in the year t after the change of the price
price policy policy
(10 % decrease) 1 2 3... 5... 7... 10

A 0.1 0.2 1.2... 1l.4... 2.4... 2.8

B —*) 0.1 0.9... 1.6... 2.6... 3.0

c 0.1 0.2  0.8... 0.9... (1.3)%. (1.3)*

D =) 0.1)* (0.5). (0.5)%. ...,

*)for a detailed description of the policies see section 2.53
*’)the direct effect of the price re-increase is not considered
+) smaller than 0.05

Table 21:

Supply elasticities of milk in different size groups
(Hanf and Koester (1980))

Size groups
in ha LN

Elasticities in year t after the change of price policy

1 2 3... 5... 7... 10
less 10 0.1 0.4 0.5... 0.5... 0.5... 0.5
10 - 20 0.1 0.1 0.2... 0.5... 0.8... 1.1
20 - 50 0.1 0.3 1.0... 1.0... 1.5... 2.0
50 and more 0.1 0.1 0.1... 0.6... 2.5... 4.3
assumptions: price policy A; 10 % price decrease; bad off-farm

working conditions




- 58 -

Table 22: Supply elasticities of milk in farm groups with different
herd sizes (Hanf and Koester (1980))

herd size Elasticities in year t after the change of the price
(no.of cows)] policy
1 2 3... 5... 7... 10
- 20 0.1 0.4 0.4... 0.4... 0.4... 0.4
20 - 50 0.1 0.2 0.4... 0.5... 0.9... 1.4
50 and more 0.1 0.2 0.6... 1.6... 2.5... 3.5

assumptions: price policy A; 10 % price desrease; good off-farm
— working conditions

Table 23: Supply elasticities of milk groups with different
percentage of permanent grassland

Permanent Elasticities in year t after the change of
grassland the price policy
in p. c.
1 2 3... 5... 7... 10

- 20 0.1 0.2 0.3... 1.2... 1.7... 2.2
20 - 50 0.1 0.2 0.7... 1.0... 1.3... 1.6
50 - 70 0.1 0.2 0.6... 0.7... 0.8... 0.8
70 - 100 0.1 0.4 0.9... 0.9... 1.3... 1.4

assumptions: price policy A; 10 % price decrease; good off-farm
working conditions
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3 Summary and conclusions

In the previous section a number of studies have been briefly outlined
which are concerned with the development of the German dairy sector and
which are investigating the factors influencing the milk production. There
had been involved in the discussion studies using statistical methods and
studies with a normative character as well. Because of the different
approaches applied, the differences with respect to the time horizon con-
sidered and because of the different ways of describing the results it is
rather difficult to compare directly the studies outlined and to come to
an "average" result of all studies. In spite of the difficulties mentioned
it should be tried to come to a result which includes all the information
given by the diverse studies. In any case, such a "weighted" result must
be subjective as there do not exist and there cannot exist any "objective"
weighting system.

As the probable response of the dairy farmers to a decrease of the milk
price is in the focus, it shall be tried in the following to derive an
"elasticity figure" which may be regarded as a "weighted average" of all
studies.

The price elasticities estimated in the different investigations are
summarized in table 24. From this table it can be seen that the elastici-
ties vary considerably from study to study. The smallest elasticity
coefficient is recorded by Haimerl (1969) who result in a coefficient of
only 0.1. On the other hand Hanf and Koester (1980) result in elasticity
coefficients of 1 and more. A1l the other studies are lying within this
range.

In order to come to a more precise statement some common features should
be outlined:

1. The normative approaches tend to result in higher elasticities than
the econometric models. The long term elasticity is usually estimated
to be around 1.
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2. Within the econometric models the simple regression models come to
stronger statistical dependencies between milk price and milk pro-
duction than the large sectoral models.

3. The calculated elasticities increase obviously with the time lag
considered.

4. The more recent studies result in higher elasticity coefficients
than the former studies.

The higher elasticities of normative models can be explained by the fact
that these models are based on an ideal decision maker who reacts imme-
diately and without error on any change in the relevant data set. Hence,
it is not considered that in the reality at least some farmers do not
realize that the price changes or that they do not react on the price
change correctly or that they have objectives which lead to a controverse
or at least to a mildered reaction. Hence, normative models must have a
tendency towards an overestimation of farmers' response.

On the other hand it is to argue that econometric models tend to under-
estimate the impact of price variation on the production. As it can be
seen from the diverse econometric approaches mentioned the impact of the
price is obviously distributed over several years. However, for statisti-
cal reasons most of the models include only one price variable with a
certain time lag. Usually, a 2 1/2 or 3 years time lag is used as this
time lag produces the coefficients with the best statistical test values.
Doubtless, there exist further supply reactions with another lag structure
and these effects of changing prices are neglected by the approaches.

The very small elasticities of the multi equation models are caused by the
fact that in recursive models with seasonal data only the very direct
impacts can be considered. The long term decisions are hidden behind the
autocorrelative calculation of the development path of the decision
variables. Hence, the long term impact of an exogenous variable on an
endogenous variable can only be settled by alternative computation of the
whole model. Therefore, it seems to be more meaningful to orientate the
statement about the elasticities at the results of the simple regression
models.
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The higher elasticities of the more recent studies might be interpreted as
the expression of an improved adjustment behaviour caused by the structu-
ral changes of the last two decades.

Taking into account these arguments it seems to be reasonable to assume
that the probable response of the German farmers to a milk price decrease
will be between the normative model results and the results of the more
recent positive approaches. Furthermore, it is to consider that the supply
response will follow a price change with a considerable time lag and that
in time the possibilities to react will be improved the following time
path of reaction may be regarded as a "weighted" result of all studies
mentioned:

. . . . , ) min 0.0
immediate response; within the first year; 7, ®0.1 {max 0.2
) ~ min 0.2

short term response; two years; 7 0.3 max 0.4
. ) ) min 0.4
medium term response; three - five years; LA 3" 0.6 max 0.8

long term response;  seven and more; 947 0.9 {E;)’: ‘1){
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1. Structural and regional development of the milk production

1.1 Development of milk production

In the fifties milk production increased steadily in Denmark, reaching a
peak in 1959. That year 5.43 million t of milk were produced. For the

next eight years the volume of production remained at roughly that level,
ranging during the period from 1959 to 1966 from 5.52 million t in 1961 to
5.09 million t in 1963. From 1966 onwards there was quite a marked decline
in milk production. This phase lasted about five years, production falling
from 5.31 million t in 1966 to 4.41 million t, its lowest point, in 1971.
Since then milk production has again increased steadily: in 1978 produc-
tion totalled 5.32 million t, roughly the same level as 20 to 25 years
previously (see Table 1).

Three development phases in Danish milk production can thus be distin-
guished in the two decades from 1959 to 1978:

The first phase lasted from 1959 to 1966; during that time milk production
remained more or less constant.

In the second phase, from 1966 to 1971, production fell by 3.6 % annually.

The third phase was marked by another substantial increase in production,
at the rate of 2.7 % per year.

Corresponding distinctions can be made between the phases of development in
respect of the individual components of milk production, i.e. the number of
cows and the milk yield per cow. The milk yield per cow increased steadily
over the entire reference period in Denmark - as in all West European
countries - the annual rate of increase averaging about 1 %. Two distinct
periods can be traced, however: from 1959 to 1971 the annual increase in
yield averaged about 0.37 %, with quite minimal differences between 1959/66
and 1966/71. Since 1971 the milk yield has risen substantially and in 1978
reached 4 550 1 per cow per year, compared with 3 970 1 in 1971. This
corresponds to an annual increase of nearly 2 %.

As regards the trend in the number of cows, the three abovementioned

subdivisions of the reference period are again significant. The first
phase from 1959 to 1966 saw a slight decrease in the number of cows: from
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Table 1: Development of milk production in Denmark from 1959 to 1978
Total milk Number of Number of  Milk price
production farms with cows gre/kg
(million t)  cows (thousand) (million)

1959 5.43 169 1.43 40.8
1960 5.40 167 1.44 41.2
1961 5.52 164 1.49 38.6
1962 5.36 158 1.46 38.0
1963 5.09 151 1.41 44 .8
1964 5.23 142 1.37 46.7
1965 5.37 136 1.35 48.2
1966 5.31 130 1.35 50.3
1967 5.19 122 1.33 51.7
1968 5.12 115 1.29 51.4
1969 4.88 107 1.23 55.1
1970 4.48 96.5 1.15 62.4
1971 4.41 88.6 1.11 69.4
1972 4.64 83.4 1.12 75.2
1973 4.73 78.9 1.16 93.0
1974 4.82 76.7 1.19 103

1975 4.92 72.9 1.18 110

1976 5.05 69.0 1.19 122

1977 5.14 64.9 1.18 138

1978 5.32 60.0 1.17 150
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1.43 million in 1959 to 1.35 million in 1966, a drop of 0.7 %. From then
on the decline accelerated: from 1966 to 1971 the average decrease was
3.8 % per year. During that period cow numbers fell from 1.35 million to
1.11 million. After 1971 they rose steadily, although the growth rate was
only 0.8 % per year, bringing the total to 1.17 million in 1978.

The decline in the number of cows in the Danish countryside in the time up
to 1971 can be attributed almost entirely to farms giving up milk produc-
tion. Over the whole period the number of farms keeping dairy cows dropped
steadily, while the average number of cows per farm constantly rose. This
applies both to the phases in which milk production as a whole stagnated or
decreased and to the time from 1971 to 1978 when milk production increased.

The details are as follows: in the first phase from 1959 to 1966 the
number of dairy farms fell by 3.2 % per year, from 169 000 in 1959 to

130 000 in 1966. During this time the average herd size per farm rose from
8.5 to 10.4 cows, i.e. a 2.6 % annual increase. The second phase, during
which milk production declined, was also marked by larger average herd
sizes. It was during this phase that the highest rate of decrease in the
number of dairy farms was recorded: 6.3 % per year. In 1966 there were
still 130 000 farms with dairy cows, whereas five years later, in 1971,
there were only 89 000. Over the same period the average herd size
increased from 10.4 to 12.5 cows per farm, an increase of 3.8 %.

Even during the period from 1971 to 1978 when milk production rose
substantially, at the rate of 2.7 % a year, the decline in the number of
farms with dairy cows continued. From 89 000 in 1971 the total number of
dairy farms fell to 60 000 over this seven-year period; this amounts to a
rate of decrease of 5.5 % per year. Against this marked reduction in the
number of farms, however, there was an above-average increase in the
number of cows per farm, the average herd size rising from 12.5 in 1971 to
19.5 in 1978, i.e. at the rate of 6.6 %.

1.2 Change in the production structure

A number of interesting aspects of the trend in milk production in Denmark
emerge when one considers the breakdown of cows and dairy farmers by herd
size. For reasons of data availability this examination is restricted to
the last two periods mentioned, i.e. 1966 to 1971, during which time



Danish milk production declined by 3.6 % a year, and 1971 to 1977 when
production rose at an annual rate of 2.7 %.

As mentioned above, the number of dairy farmers dropped substantially
during both those periods, in the first at an average rate of 7.3 % per
year, somewhat more than during the second period (in this case only 1971-
77), when the annual rate was 5.1 %. As regards the structural breakdown
of farms ceasing dairying, the picture is roughly the same for both periods
(see Table 2); in both periods the number of farmers in the herd size
category up to 20 cows fell sharply, while in the over 20 cows category
the number of farmers rose. The decrease in the smaller size categories was
about the same for both periods: 10 and 9 % per year respectively. There
are marked differences, however, in the herd size categories 30-50 cows and
over 50 cows per farm. In the 30-50 category the number of farms keeping
dairy cows rose by 8.8 % during the first period but by 14.7 % during the
second. The differences were even greater in the over-50 size category:
nere there was an annual growth rate of 7.4 % during the first period,
whereas during the second period (1971-77) the annual increase soared to
22.7 %.

As can be seen from Tables 1 and 2 in the period 1966-71, the number of
cows fell substantially less than the number of dairy farmers, and between
1971 and 1977 the number of cows in fact rose while the number of farmers
was falling. Consequently, the average herd size increased.

If, on the other hand, the annual rates of change in the number of dairy
farmers are compared with those for the number of cows in the respective
size categories (see Table 2), it can be seen that the rate of decrease in
the number of cows by and large corresponds to the drop in the number of
dairy farmers. This also applies to the categories with positive growth
rates. This correlation between rates of cessation of dairy farming and
growth rates means that the average number of cows per farm in the
individual herd size categories remains almost constant, while for the
sector as a whole there is a marked change in the average herd size. The
increase in the average number of cows per farm in Denmark can, therefore,
be attributed primarily to the fact that a structural change has taken
place. The average herd sizes in Denmark have increased because the number
of farms in the small herd size categories has dropped while at the same
time the number of farms with over 50 cows has risen sharply. The
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conclusion can therefore be drawn that the expansion of dairy farming in
Denmark is attributable not so much to a steady increase in herd sizes as
to major changes in the herd size of individual farms following farm
development in the form of new building. The significance of this for the
analysis of Danish farmers' reactions as regards supply is that it must be
assumed that this process is not easily reversible. In other words, the
increases in production as prices rise can be reduced again only in the
very long term because of high overheads. Adjustment to falling prices
will take considerably longer than adjustment to equivalent price rises.

1.3 Development of dairy farming by farm size category

If the total number of farms in Denmark is compared with the number of
dairy farms, it is seen that the decline in dairy farming resulted notonly
from the general structural change but that the structural change in the
milk sector was considerably more marked than in agriculture as a whole
(see Table 4). During the period from 1966 to 1971 the number of farms in
Denmark fell by 4 % annually, while the number of dairy farms declined
almost 80 % faster: by 7.3 % per year. During the period from 1971 to 1977,
when milk production increased, even more marked differences are to be
seen. The total number of farmers ceasing farming each year was 1.5 % in
this phase, while the number of departing dairy farmers was more than
three times this rate: 5.1 %.

The rate varied from one farm size category to another. In the category up
to 30 ha the decline in dairy farms was double the drop in the total number
of farms. A contrasting development occurred in the size category over

30 ha. Particularly during the phase of strong growth of the group, from
1971 to 1977, the rate was quite close to the figure for agriculture as a
whole. It can therefore be concluded that the importance attached to dairy
farming differs greatly today from one size category to another, whereas
in 1966 dairy farming played roughly the same role in all five categories,
with the exception of very small farms under 5 ha. In 1966, 86 % of all
farms in the 10 to 30 ha size category were engaged in dairy farming. This
percentage has now dropped to 60 %. In 1977 dairy farming was most
prominent among farms of over 30 ha: two thirds of those farms still
produced milk. There has been a radical change in the size category 5 to
10 ha also, where the percentage of dairy farms fell from 78 % in 1966 to
38 % in 1977. A similar development, but starting from a lower level, can
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also be traced among the smallest farms, i.e. up to 5 ha. Almost half of
these kept cows in 1966, whereas today only one in six farms in this size
category is engaged in dairy farming.

1.4 Regional distribution of milk production

The regional breakdown of dairy farming in Denmark and developments between
1955/56 and 1970 are shown in Tables 6 and 7. The regiaonal percentages of
the total number of cows shown in Table 7 indicate distinct tendencies
towards concentration in particular regions. The production regions of the
Jutland Peninsula, Viborg, Nordjylland, Sgnderjylland and Ribe stand out
as having experienced an increase in the percentage of milk production. In
absolute terms, however, the number of cows has increased only in the
regions of Sgnderjylland and Ribe.

The greatest reductions in milk production in absolute and in relative
terms are found in the regions close to industry and in regions with a
relatively high percentage of arable land or relatively high yields. The
regions in which dairy farming has declined most are to be found mainly in
the western part of the island of Sjaelland and on the island of Fyn. For
instance, over the l5-year reference period the percentage of Denmark's
dairy farming in the region round Copenhagen dropped from 5.4 to 3.2 %; in
absolute figures this means that the number of dairy cows in this region
dropped from 77 000 to about half that number, 38 000. A correspondingly
marked reduction in the absolute number of cows has occurred only in the
Vestsjaelland region, where the number of dairy cows fell from 114 000 in
1955/58 to 59 000 in the period 1967/70. The regional trends outlined here
show a definite correspondence to the regression analyses of the effects
of factors on production management dealt with in Section 2. The investi-
gations undertaken by Aeikens come to the conclusion that wages outside
agriculture and the competitive position of pig farming are of particular
importance for the size of dairy farming. The regional breakdowns shown in
Tables 6 and 7 indicate that it is precisely in the areas surrounding the
conurbations and in the regions where pig farming is combined with fruit-
growing that the number of dairy cows has fallen.
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Table 7: Breakdown of cows by region during different periods

AL (x) A2 A3 Ad A5
NGS (x) 5.4 4.9 4.3 3.7 3.2
VES 7.8 7.1 6.3 5.7 4.9
STS 7.2 6.4 5.6 4.9 4.2
FYN 10.4 10.0 9.6 9.3 9.1
5pJ 8.1 8.3 8.6 9.1 9.9
RIB 6.9 7.1 7.6 8.2 9.0
VEJ 6.0 6.1 6.2 6.2 6.1
RIN 9.0 9.5 9.9 10.3 11.0
ARH 12.4 12.6 12.7 12.6 12.2
VIB 11.8 12.4 12.9 13.3 13.5
NOJ 15.0 15.6 16.3 16.7 16.9
=ttt 3ttt - ittt 1t - T+ 1 1 1]

(x) For key see Table 6

1.5 Structural development in the milk processing industry

Milk production in Denmark has been affected by considerable structural
changes, not only at farm level but also in the milk processing industry,
Table 8 contains some of the most important data relating to the structure
of milk processing. In this section again a distinction has to be made
between a phase of falling production of milk overall and a phase of
increasing milk production. The first phase lasted from 1965 to 1971,
followed by an upturn between 1971 and 1978.

For the three main products processed from milk the following picture
emerges for the period from 1965 to 1971:

Butter production fell during this period by 4.8 % annually, while manu-
facture of milk powder rose at the rate of 3.0 %. Cheese production
remained more or less steady; it rose slightly towards the end of the
period, so that over the entire period from 1965 to 1971 the annual growth
rate was 0.8 %.

The drop in milk production during this period can be attributed primarily
to the decline in butter exports. These fell by 6.6 % per year during this
period, while domestic consumption fell by only 1.7 % per year.

The 3 % annual increase in milk products was due primarily to the expansion
of production of fat milk powder; this branch of the processing industry
showed a 9.3 % expansion a year during the reference period. Skimmed milk
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production also contributed to the incresse in output of preserved milk
with an average growth rate of 6.1 % during this period. By contrast,
output of other preserved milk products fell by 6 % a year during this
period.

The slight increase in cheese production was attributable solely to the
growth of domestic consumption. The home market consumed 2.4 % more a year,
while exports fell slightly: by 1.0 % per year.

During the period from 1871 to 1978 there was an upward trend for all the
products processed from milk. Rates varied considerably, however. Butter
production expanded by a relatively small 0.7 % a year, while manufacture
of cheese rose by 6.2 % a year and manufacture of preserved milk rose by
8.0 % a year.

The modest increase in butter consumption during the period 1971/78
resulted from an expansion of exports, while domestic consumption during
this period remained unchanged or fell slightly, from 43.2 million kg to
42.3 million kg.

The growth rates for cheese production are similarly attributable solely
to the expansion of exports. Exports grew during this period by 2.6 % a
year, while cheese consumption on the domestic market fell slightly by
0.2 % a year.

The large increase in the manufacture of milk products can be attributed
mainly to the expansion of milk powder production, manufacture of skimmed-
milk powder far exceeding that of fat milk powder during this period: a
rate of increase of almost 15 % as compared with 8.7 %. Manufacture of
other preserved milk declined (- 5.5 %) as in the previous period, and
today accounts for only a very small percentage of the total of preserved
milk.

Although the nercentages exported and the rate of self-supply did not
change much during the reference period for individual products, Danish
milk production remained very dependent on the export market throughout
the period. Domestic consumption of butter, although increasing during the
butter export crisis, was still only a relatively small percentage of
total production in 1971 (35 %). In 1978 the percentage of butter consumed

in Denmark had again fallen to roughly the level in 1965 and previously:
30 %.
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The picture is similar for cheese production. Domestic consumption of
cheese amounted to 37 % of production in 1965. Export difficulties and an

increase in domestic consumption then brought it to 41 %. Since 1971,

however, the percentage of total production consumed in the country has

steadily fallen and in 1978 was only 26 %.

1.6 The most important trends in development

The development of the milk sector in Denmark over the past 15 to 20 years

can be outlined as follows.

1.

Milk production rose until the end of the fifties and then remained at
more or less the same level until 1966. From 1966 to 1971 milk produc-
tion fell sharply, reaching its lowest point in 1971. From 1971 onwards
milk production in Denmark again showed a distinct upward trend.

. During the periods of both decline and increase in milk production a

far-reaching structural change took place in the Danish milk sector.
The number of farms producing milk dropped steadily and a change in
average herd sizes occurred as many farms with fewer than thirty cows
ceased production while the number of farms with thirty or more cows
rose considerably.

. The milk yield per cow rose over the period as a whole, although annual

increases varied considerably. During the period 1959 to 1971 the annual
increase in yield was less than half of one percent, whereas after 1971
annual rates were almost 2 %.

. The change in the structure of herd sizes was accompanied by a tendency

for milk production to be concentrated increasingly on farms with more
than 30 ha.

. There are also marked regional differences in milk production. Dairy

farming is concentrated mainly in regions with relatively favourable
production conditions (grassland regions) and regions in which medium
to large-sized family farms predominate.

. In the milk processing industry there are clear trends towards increased

manufacture of preserved milk (particularly skimmed-milk powder) which
has doubled since 1965. A similar upward trend can be seen in the manu-
facture of cheese. Here too production increased steadily over the
entire period, although up to 1971 the increases were only very small.
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The manufacture of butter declined betiween 1965 and 1971 by about 20 %
and then rose again slightly. The 1965 level has not been achieved
since, however.

2. Analyses of milk production in Denmark

2.1 Introduction

We know of no specialized investigations into the price/supply relationship
in Danish milk production and no such studies have been undertaken in
recent years to the knowledge of various Danish economists. The following
comments are therefore based on three works of considerably broader scobe
but which deal with Danish milk production as an integral part. These are
two studies written in the Federal Republic of Germany, one of them under-
taken on behalf of the EEC Commission by the Institute for World Economics
of the University of Kiel and a disseitation dating from 1979 from Gottin-
gen. The third work is the sectoral model produced by the Copenhagen
Institute of Agricultural Economics.

2.2 Study: Projections relating to production and consumption of
agricultural products - "I977™ (Denmark)

An analysis of agricultural production in Denmark and demand for agricul-
tural produce in the country was undertaken by the Institute of World
Economics at the University of Kiel in 1971/72. Since this study examines
all branches of agricultural production, the development of milk produc-
tion and the factors determining it naturally represents only a relatively
small part of the investigation. In it the analysis and prognosis of milk
production are confined to changes and trends in cow numbers; the milk
yield per cow is regarded as a trend value. The following variables were
taken into account in considering dairy cow herds:

- butter exports

- price of milk

- price of oilcake

- price of heifers

- producer price for pigs for slaughter
- cost of barley.

To quantify the effect of the abovementioned factors linear models were
calculated using the least-squares method. A clearly significant relation-
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ship between the development of dairy cow herds and butter exports emerged
(see Table 9; equation 53a). From this regression equation it was
calculated that the elasticity of the dairy cow herd in relation to butter
exports was + 0.7. The close connection between the export elasticity of
the dairy cow herd and exports as a percentage of total butter production
is noted. This indicates that at least during the period 1957 to 1971
Danish agriculture reacted very elastically to changes in market con-
ditions.

The drawback of the approach described above, however, was that no
variable expressing the competition between cattle farming and pig
farming could be successfully incorporated into the equation. For this
reason the export variable was replaced by a simple trend variable. Where
a trend variable is used (see Table 9, equation 54a) or where this trend
variable is modified (see equation 55a) the deviations around this trend
can be determined significantly by the competitive relationship between
pig farming and dairy farming. An attempt was made at first to represent
this competitive relationship by profitability figures for the individual
branches of production. It was found, however, that only the ratio
between pig prices and feed barley prices gave a significant coefficient
in the regression function, whereas the milk price/feed quotient was not
significant. The reason for this is probably that the milk price/oilcake
price ratio altered only slightly during the period and fluctuated very
little.

If it is assumed that the fluctuations in feed costs are synchronous in
both branches of farming, the change in profitability ratios can also be
presented in the form of a direct price comparison. Having regard to a
modified, split trend variable the direct price relationship between
heifers and pigs was incorporated into the regression equation in equation
55a. In this case reliable regression coefficients resulted and the
elasticity of the dairy herd in relation to the heifer/pig price ratio was
calculated as + 0.1.

The investigations by Tewes show that Danish agriculture reacts very
elastically to market changes, which points to very high price elasticity.
A direct price elasticity of dairy herds or milk production could not be
quantified, however, mainly because during the period prices developed
with relatively minor deviations around the trend.
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Table 9: Investigation of cow numbers in Denmark by T. Tewes (Institute

World Economics, Kiel)

(53a)

(54a)

(55a)

U U U ¢t & _ O
[ N7, N & B =-
1" 1] [ T

]

Period: 1957 - 1971 (mid-year)

8
B! = 441.08 + 1.5572 3 Ex

d (5.8) i=5 bu.j
2 3
R® = 0.718 gr = 4.6 VH D.¥. = 0.91
M
1 & Ps
By = 1848.4 - 19.987 t - 37.402 | > (p=)
(6.1) (1.9) i=5 6 - i
N 7
2 6
R® = 0.837 g = 3.7 VH D.W. = 0.70
M
8 P
By = 1406.3 - 15.390 t - 60.390 t, + 147.64 |7 3~ ()
(5.2) (4.5) (1.0) 1=5 'S -4
2 & )
R®=0.931 pgr=2.5VH D.N. = 0.69
M
Number of cows in the middie of the year
Trend (1957 = 1, ..... , 1971 = 15)
Trend correction (1957 - 1968 = 0, 1969 = 1, ..... , 1971 = 3)

Producer price for heifers 1st class (including compensatory payment“
Producer price for slaughter pigs class A (incl. compensat. payment)
Purchase price for barley
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Tablell: Analysis of milk output in Denmark, the Federal Republic of
Germany, the Netherlands and the Uhited Kingdom
Constants Milk price Milk price Feed Hay Insem1- PM
: Teed price price harvest nation :
%
_____________________ e S SO L R W S
Output | 3422.89  9.39 : 0.83, ]
Denmark’ t-0.5 © 74.95
Y : :
6 3 : :
1961- 8.66" " L 1.39
97 e e ———————— R
Output | 3685.54  9.62 ~2.59 o 0.90,,
Denmark: t-0.5 t-0.5 . 47.51
Y6 3 +++ +++ ;
1965- 9.06 -2.32 : 1.34
9 e —————— L]
Output ; 2776.59 332.12 14.38 . 0.96 444
Gsrmany: t+(t-1 t-3 . 163.84
: + :
1921{l : 1.86 15.857*F  1.07
A9 e A
Output ° 2866.58 349.88 12.62 * 0.96
Germany. t+(t-1 t-3  : 113.24++
Y64 : ++ Y
1965- 2.43 13.14 . 1.92
AL e ——————————————— fmmmmemenn]
Output ° 3244.33 30.11 0.86
N’ Tands £-0.5 94.59 "
Y
6 8
1961- 9.73"+* 1.18
_lQZZ_..:. _____________________________________________________ Amm—————— -
Output ° 3009.67 35.81 0.89
N'Tands £-0.5 91.07 1
Y
6 8
1965~ 9.54*+ 1.15
A9 e S
Output @ 2248.63 163.67 0.11 0.83, .4
U.K. t-0.5 t-1 33.98
Y
69
1961- 7.98"** 1.83" 0.79
AL e —————— R .
Output ©-1199.07 178.76 0.11 60.44 * 0.92,,,
U.K. t-0.5 t t-3.5 - 32.35
Y6 9 +4++ ++ ++;
1965- 9.51 2.64 2.65 . 1.62
EEQZZHBEI==l=l..l==8===I=-SIll.l-IHIII---'---ill.Iﬂ..:l..ﬂﬂ'll;ﬂ'..l.lﬂﬂl
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2.3 Study: Development of milk production in the Member States
of the Community

- e - - e - Y - -

A comprehensive study of milk production in the EEC Member States,
covering, among other things, developments in Denmark, was recently
produced by Aeikens. In it the empirical analysis of milk production in
the individual Member States is divided into two parts: an analysis of
increases and reductions of cow herds and of total cow numbers and an
analysis of milk yields per cow per year.

Aeikens chose a differentiation of the change in the number of dairy cows
because he considered that although increases and reductions occurred
simultaneously they were influenced by different factors. Since
statistics are lacking in Denmark, as in other Member States, regarding
the number of cases of expansion and reduction of herds, Aeikens had to
find a special method for estimating these values. He experimented with

a number of such procedures before deciding on a modified Markov model.

The major factors determining the number of increases from year to year
proved to be variables representing the competitive relationship between
dairy farming and beef farming on the one hand and between dairy farming
and pig farming on the other. The competitive relationship between beef
farming and dairy farming was denoted by the price of beef animals and
that between dairy farming and pig farming by the price relationship
between milk and pigs for slaughter. Both variables show a significant
regression coefficient with the expected signs. According to Aeikens'
investigations, however, the reduction of dairy herds is largely
influenced by the competitive relationship between non-agricultural
activity and milk production; in addition, the milk price/pig price
relationship proves to be significant with a 1 1/2-year time lag.

Since the results of the regression analysis did not entirely meet
expectations as regards multiple correlation, Aeikens also calculated
direct regressions between the number of dairy cows and the various
influencing factors. This yielded substantially higher multiple cor-
relations. The significant influencing values were identified as the
price for beef cattle and the relationship between hourly wages outside
agriculture and turnover from milk production per cow per day.
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The high significance of the variable "hourly wage in non-agricultural
sectors versus turnover from milk production per cow per day" shows that
the attractiveness of employment outside agriculture compared with milk
production is one factor determining the volume of dairy farming in
Denmark also. The 1 1/2-year time Tag points to relatively quick reaction
to changing income relationships (Aeikens, page 105).

Aeikens' division of dairy cow herds into those which are expanding,
those which are being reduced and the unchanged remainder seems at first
sight, from the theoretical standpoint, to be meaningful and promising.
The fact that Aeikens has not corrected the results or made any amendment
to the interpretation is probably becaiise a considerable number of errars
of classification occur in an artificial calculation of changes in herds.
In his study (Aeikens, page 109) he compares the actual dairy herd in the
reference period with the figure he calculates from expansions and
reductions. Deviations of up to 3 % per year result. Such a discrepancy
between the actual and the estimated value would not in itself be
decisive, but this discrepancy must be seen in relation to the deviations
around the trend in the reference period. Such a comparison shows that
the discrepancies arising from the method of calculation are signifi-
cantly Targer in almost all years than the changes in the total number
of cows in Denmark. The significance of this error aiso becomes visible
if one considers that the expansions and reductions calculated by Aeikens
averaged about 5 % of the total number of cows; this means that a 3 %
difference between estimated and actual cow numbers must be a 60 % error
in relation to the variable "expansion" or "reduction".

The investigation undertaken by Aeikens into the development of the dairy
cow herd and the influencing factors may not be entirely satisfactory as
regards tne results, but it does show clearly that Danish agriculture
reacts exceptionally elastically to changes in the economic situation.
The main influences would seem to be the following:

- the competitive power of beef farming and pig farming, and

- the possibilities and attractiveness of employment outside
agriculture.

The regression equations presented by Aeikens for the dairy cow herd
indicate a very high price elasticity for milk production, which he
calculates to be 0.4.
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2.32 Analysis of milk yield per_cow_per_ year

Aeikens incorporated the milk price, the feed price (soya meal), the size
of the hay harvest and the insemination rate into the empirical analysis
to determine the milk yield per cow per year. For the milk price he was
ible to determine a significant negative coefficient when he reduced the
reference period by four years. Direct and cross price elasticities for
the milk yield were not established.

It can however be assumed from rough calculations that the average direct
price elasticity of the milk yield is about 0.15 and the cross price
elasticity about - 0.05.

2.4 A recursive linear programming model for Denmark

A few years ago a recursive programming model for Denmark differentiated
by region and farm group was produced by the authors Stryg, Andersen,
Hansen and Pilgaard. This programming model was recently revised and
projected for subsequent dates. It contains an éxceptiona]]y differentiated
description of the dairy sector and the competing branches of beef and
veal production.

This model is very well designed for investigating long-term adjustments;
short-term adjustments cannot be dealt with because the individual
recursively concurrent sub-periods cover three or five years each.

The model was used for the first time in 1974 to forecast the development
of Danish agriculture, for a prognosis up to 1980. In its new form the
period extends to 1985 or 1990.

In addition to prognosis on the basis of probable data changes a series of
simulation calculations has been made to examine the effects that can be
expected from future changes in the relationship between data. A change

in milk prices was not included, but the investigations give some
indication of the elasticity of milk production because the extent of
dairy farming and thus total milk production in the model surveys react
very strongly to changes in data in other branches, particularly in the
event of changes in the relationship between prices for beef and milk and
between wages outside agriculture and potential income from dairy

farming.
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The results obtained in this study from the normative approach are thus
largely congruent with the empirical investigations undertaken by
Aeikens and Tewes.

3. Additional_studies on_the_timing of adjustment_to_changes

3.1 Preliminary remarks

The analyses of the milk sector in Denmark carried out by Aeikens and
Tewes show that in Danish agriculture there is a high degree of
adaptability to changes in general conditions, including, in particular,
a change in milk prices. These results achieved with econometric models
are supported by the normative surveys of Stryg et al. The Aeikens study
concludes that dairy cow herds show a direct price elasticity of 0.4
with a time lag of 1 or 1 1/2 years. Tewes' study also is based on a
time lag of 1 1/2 years for the price variable.

Surveys in other countries and examinations of the cost structure tend to
suggest, however, that changes in prices in the milk sector cause not
only short-term one-time adjustments but that they lead also to longer-
term adaptation processes. This applies in particular when milk prices
drop because here the necessary adjustments are often made only following
major alternative investments or when farms pass from one generation to
the next.

Below we investigate whether it is to be assumed for Denmark also that in
addition to the relatively short-term reaction established by Aeikens and
Tewes longer-term effects on production can be expected when there is a
change in the milk price. In view of the relatively short time-series
available, which are moreover characterized by a strong trend sequence,
the special procedures of time-series analysis are out of the question
here. The investigation is therefore confined to simple linear models.

A second question should also be touched on: whether it is to be expected
that where there is a fairly strong disaggregation of the dependent
variables the reliability of empirical models with regard to direct price
elasticity can be increased. As the studies available for Denmark and for
other countries show, there are clearly major differences in the signifi-
cance of the factors influenced in respect of the components of total
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supply. A distinction must be made here between yield per cow and the
number of cows kept. This division is also made by Tewes and Aeikens.
Aeikens attempts also to disaggregate further the variable "number of
cows", by endeavouring to isolate increases and reductions of herds from
the section remaining unchanged. On account of the problems of estimating
in determining the variables he does not manage to improve reliability in
this way.

One possibility of differentiation along different lines would be a
division of the variable "number of cows" into "number of farms keeping
dairy cows" and "average herd size"; an investigation is therefore to be
made into whether such a differentiation does improve reliability,
particularly with regard to the direct price elasticity and the time
taken for adaptation.

3.2 Investigation of the time structure of adjustments to
changes in the milk price

- —— - - > "> - -

The following regression analysis aims to answer two questions only:

1. How can adjustments to a change in the price of milk be expected to be
distributed over time, or in other words: can the inclusion of a
single price variable reflect the overall reaction of milk producers
to changes in prices?

2. Does the effect over time and its distribution over the individual
components of milk production (milk yield per cow; cows/farm;
number of farms) differ so much that a differentiation is necessary
and promising?

The following are included in the investigations as dependent variables
corresponding to the possibilities of disaggregation:

Y.: Milk production in Denmark

=

Y2: Number of dairy cows
Y3: Milk yield per cow per year

4 Number of dairy farmers
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3.22 Selection of model variables

In view of the relatively short time-series, as few other variables as
possible should be incorporated into the model so that the number of the
degrees of freedom is not too small when price variables with varying
time lags are considered. On the other hand, such close stochastic
relationships are found between a series of potential influencing factors
and the milk price that it can be supposed that if these factors are
ignored in the equations misinterpretations may result.

For this reason it was checked whether in the case under investigation
the multicollinearity led to a marked bias of the reéression coefficients
of the price variables and of the price elasticities. A series of
regression models with the following variable structure was used:

1. y =a + bp + cx where

y: dependent variables see above
milk price, with 1 1/2-year time lag

variables which probably influence the volume of
milk production.

The individual variables are listed in Table 12.

a,b,c: linear regression parameters.

The results of these model calculations were exceptionally unsatisfactory;
some of the coefficients were not sufficiently different from zero, and

in addition a series of significant negative coefficients occurred which
could not be accepted as plausible if rational reaction on the part of

the producer was assumed (inverse reaction).

The time variable was therefore incorporated into the equation as a
permanent feature alongside the price variable, so that the parameters
of the following model were calculated:

2. y=a+bp+ct+ dx.

Here t denotes the time variable, otherwise the symbols are the same as
in equation 1. above.
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Table12: Regression coefficients of the milk price variable
from regressions*with different dependent variablies

Independent © Milk " Number ° No. of farms® Cows/  ° Milk/
variable____._production: of cows: with cows __.______ farm, ______ farm__ |
No. of farms: _0.604_ _ : 0.148 : _ 0.650 __ :_ +0.571 x| 0.116_____
Labour_force: __0.39>_ __:__ 0.998 1 ___ 0.871 ___:_ t0.816 1 __ 0.110____|
Total number :
of pigs_____:i __ 0.941___:__ 1.983 : ___ 1.7le _: . 1.809 _: __ 0.29 ____
Prices index:
for .
agricultural
products ___©___ 0.462__ 1 __ 0.748 [ __.1.085 __ . __ 0.281_ @ _.0.147 ___|
Prices index: : : : :
for feed __: 1.020 : 2.080 : _2.018 __: 2.241 : 0.201 ____
Cattle ex-
icluding
cows_(head) 1 __0.274 1 __ 0.486 . __.1.065____.__. 0.794__.__. 0.104_____
. abour force
per_farm____: __ 0.344___: _ 0.642 : ___ 0.8%8_ ___: _. 0.704__: __ 0.055____
Milk output ° . . . .
E:l --------- ;---l59§§===;==gé§§§=;====§éggg====;===gé9lg==;===9§§l§=====
&) y = a5 + a,X, + a X, + a,X, where x, = trend, x, = milk price,

0 171 272 373 Xé varying. 2

The results of these calculations are given in Table 12 although because
of the survey only the regression coefficients b are shown in relation to
the lagged price variable p. The parameters shown in Table 12 still show
substantial deviations, varying according to which of the other potential
influencing factors are taken into consideration at the same time. They
do, however, have distinct advantages over the parameters which were
calculated without regard to a trend variable:

(a) all the parameters are, as expected, positive;

(b) with a few exceptions, they are significantly different from
zero for an error probability of less than 10 % and

(c) apart from a few extremes, they are all roughly of the same
order of magnitude.
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If the milk price coefficients from the regressions
3. y=a+bp8ct

are compared with the values shown in Table 12, it is seen that these are
in the same or at least on the limits of the same regions, so that further
investigations into the time structure of adjustments can be based on
equation 3. The following parameters of the milk price variable resu]téd,
for the dependent variables:

total milk production: 0.393
number of cows: 0.454
number of dairy farmers: 0.288
cows/farm: 0.474
milk yield/cow: 0.630.

3.23 Time lag in adjustment

On the basis of the preliminary investigation described in 3.22 the
following model was selected for investigating the time lag for adjustment
n

4. y=a+ T

1_1b].p]. forn=1,...,5

where i denotes the time lag in years and n the number of lagged milk
prices included. The results of this calculation are given in Tables 13
to 17 for the different dependent variables. For a better view only the
regression coefficients of the price variables were again given. The
regression coefficients in Table 17 clearly indicate that the adjustment

the change. The parameters of the milk price variables delayed by one
year remain almost constant if in addition other delayed price variables
are incorporated. Since the regression coefficients in the case of a
two-year time lag are also always significantly different from zero, it
can be inferred that certain adjustments occur even after two years,
although these are not so extensive as those during the first period.

The rearession coefficients of the delayed price variables in relation to

Table 16). It can be distinctly seen, however, that the price variable
delaved by two vears has the strongest effect in absolute terms. This
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Table 13: Regression coefficient of lagged milk prices to
"milk production"

o — e C e e

REGRESSION COEFFICIENT OF THE MILK PRICE VARIABLE®

t-1 : t-2 f t-3 ; t-4
0.398
0.073 0.381
0.072 0.275 0.119
0.122 0.220 0.243 -0.141

*) Dependent variable: total milk production
Additional independent variable: time variable.

Table 14: Regression coefficient of lagged milk prices to
“number of cows"

Ty e T T T T T T T T e T T T T o e T T

REGRESSION COEFFICIENT OF THE MILK PRICE VARIABLE”

t-1 : t-2 : t-3 ; t-4
0.454 .
0.137 0.372
0.137 0.343 0.033
0.315 0.146 0.478 -0.504

%) Dependent variable: number of cows.
Additional independent variable: time variable.

"Table 15: Regression coefficient of lagged milk prices to
"number of dairy farms"

t-1 t-2 t-3 t-4
2.288
0.398 2.217
0.401 2.839 -0.707
0.824 2.237 0.353 -1.195

2333 33 S S 3 T Tt et

#) Dependent variable: number of dairy farmers.
Additional independent variable: time variable.
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Table 16: Regression coefficient of lagged milk prices to
“cows per farm"

P S e I - e

t-1 t-2 : t-3 t-4
0.474 :
-0.067 1.242
-0.064 1.155 -0.587
-0.315 1.432 -1.213 0.708

P T T Lt e T e e e T e e T L e e T e T T

#=) Dependent variable: cows per farm.
Additional independent variablie: ¢ime variable.

Table 17: Regression coefficient of lagged milk prices to
"milk yield per cow"

REGRESSION COEFFICIENT OF THE MILK PRICE VARIABLE®

t-1 t-2 : t-3 t-4
0.630
0.513 0.136
0.513 0.196 -0.037
0.577 0.355 -0.107 -0.181

gttt e el et e et b B R i

*) Dependent variable: milk yield.
Additional independent variable: time variable.

variable is significantly different from zero in all equations and also
deviates within a relatively narrow range. The negative coefficients of
the price variables delayed by three years similarly differ significantly
from zero. This negative correlation can be explained in part. The
following assumption is made: the number of farms ceasing dairy farming
varies with changes in the milk price. Since farms ceasing dairying are on
average smaller than those remaining, the average herd size calculated is
less than the trend, without the herd on an individual farm necessarily
being reduced. This would also tie in with the results shown in Table 15
regarding the development of the number of dairy farms. If the hypothesis
is accepted, this would imply:
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(a) The positive coefficient in the case of a two-year delay mainly
reflects the internal increase (or decrease) of herds.

(b) The negative coefficient in the case of a three-year delay reflects
the deviation in the herd size development caused by the structural
change determined by the price.

variable also reacts to price changes with a two-year time lag. The
coefficients of the price variable delayed by one year are also signifi-
cantly positive, although this effect is definitely less than the effect
two years after the price change. In interpreting the results it must be
borne in mind that a positive coefficient of the price variable in this
case does not mean that the number of dairy farmers is rising, but only
that the number of dairy farmers is declining less than the trend. This
explains the exceptionally short reaction time in this matter (entry into
or departure from milk production). This examination alsc gives sig-
nificance to the negative coefficient of the latest lag ovserved; part of
the decision to give up the dairy herd, postponed initially because of a
price increase, takes place at a later stage.

The regressions given in Table 14 with the variable "number of cows"
clearly shows a mixture of the lag structures of the two components
discussed above. Overall, the present result is to be interpreted as
maining that the development of cow numbers is better represented with
two different delayed price variables.

The "milk production" variable should also, according to the coefficients
we have calculated, be represented - if possible - with a time lag
structure of two or three price variables. The most suitable approach
proves here also to be the one and a half to two-year time lag used by
Aeikens and others.
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4. Summary of the results

In view of the large number of shortcomings, the coefficients given should
not be taken too literally. If the overall parameter structure emerging is
taken into consideration in the interpretation, however, the following
conclusions may be drawn with some certainty:

1. The process of adaptation to changes in the milk price extends over a
number of years, so that the inclusion of only one price variable
systematically underestimates price elasticity.

2. The total time lag for adaptation was about three years; it should be
borne in mind, however, that during the period from 1971 to 1978,
which had a marked influence, prices rose in both absolute and
relative terms. It is therefore difficult to specify the time needed
for adjustments when prices fall; in any case, the time required for
adaptation cannot be estimated at any less than three years, probably
it is more.

3. The lag structure of the individual components of the "milk production"
variable varies considerably, so that a differentiated examination
promises better results than a finding based on an overall aggregate.

4. The inclusion of lag structures and the breakdown of total production
by components considerably increases the price elasticity calculated.

5. Taking into account the results mentioned it might be argued that the
Danish milk sector will response relatively strong and relatively
fast on a price decrease in milk. A short term price elasticity
coefficient (2 years) of 0.4 will probably be a good guess with
respect to the Danish milk production; furthermore, the results of
the different studies indicate that the elasticity coefficient will
be at least 0.3 and it should not be assumed in any case a larger
response than 0.5 within a two years period.

6. The hypothesis that the adjustment process last more than two years
is strongly underlined by the different calculations. Hence, it can
be assumed that the long term elasticity (about 5 years) will be
remarkably higher than the two years elasticity. A figure of about
0.7 maybe regarded as an acceptable and even a little bit conservative
guess of the level of the long term price elasticity. The long term
elasticity seems to tend more to a level of 0.9 than to a level of 0.6.
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CHAPTER 1

Milk production conditions in France and in Italy

I -1: France 1/

2

These conditions have been described recently“éy a number of authors :
ATTONATY (1979), CARLES and NANQUETTE (1979), JAFFRELOT (1979) and
EVRARD (1979). BROUSSOLLE (1976) discusses some aspects of the milk
production problems linked with the informations of risk on milk production.
SOUTY (1874) gives some informations on the possible effects of
mechanization in dairy parlours. A rather complete set of statistical data
can be found in CNIEL (1979). ALPHANDERY et al give an interpretation of
the present state of the dairy and milk herds. Their contention is that the
present tendancy to increased intensification is not in the farmers'
interest, although it is made necessary by the policy developped by
extensions services and the dairy industry.

Milk production in France is concentrated in small and medium sized
farms. Farms larger than 100 Ha represent only 2 % of the hard. However,
the number of very small farms tends to decline, and the average milk herd
is increasing (from 9.5 cows per dairy farm in 1972 to 13.1 cows per dairy
farm in 1978 according to CNIEL, 1979).The production is spread over the

whole country, although its density is significantly smaller in the south
eastern regions.

1/ The author acknowledge the help of Mrs PERRAUD, MATHAL and HAIRY, all
from INRA, in preparing this sections. He his nevertheless solely:
responsible for the contend of the section, especially for what
concerns errors and omissions.

2/ In addition,two recent important contributions are Ministry of

agriculture (1979) and INRA (1980). They were issued at the time this

paper was under press.
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The total number of milk cows is about constant, or slightly decreasing
(7.68 million heads in 1974, 7.51 in 1978, according to the CNIEL). But the
yield per cow is increasing (from 35.93 hl/cow in 1974 to 38.97 in 1978).
The generalized practice of artificial insemination had reduced the genetic
diversity of the herd. Most local breeds have virtually disappeared in
recent years, to the point of raising problems of genes conservation.

A few technical innovations are likely to increase the supply of milk
in France :

a - The possibility of getting two calves a year from one cow.
Important research has been undertaken in France by the INRA in that field.
The results however do not seem to be presently of practical use.If they were
successful, the price of young calves could be considerably lowered. In
fact, this is more important for meat than for milk. Such an innovation
could also be a source of increased demand for milk, insofar as young
calves, fed with miltk, could be used for producing an increased quantity
of meat.

b - The possibility of extensive use of silage as a basic feedstuff
in cheese production areas. Presently, this is not everywhere allowed to
farmers by the milk processing plants, because of alleged difficulties in
processing is milk. Many people do not recognize this argument. The
introduction of this possibility, principaly in the eastern part of the
country, could increase the production by a large amount at constant prices.

¢ - Even more important is the possibility of fully exploiting the
genetic potential of existing and futur breeds, by feeding animals with the
so called "concentrate" feedstuffs. France (and Italy) are far from having
reached the 1imits of their possibilities in that respect, so that a huge
expansion of milk production is technically feasible in both countries.

d - The possibility of increasing the efficiency of dairy parlours
could bring about a significant reduction of the share of labour in the
total output (cf SOUTY, 1974).
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Recent changes in general economic condition may also affect the Tevel
of milk production in France. This is the case, especially of the growing
rate of industrial unemployement. It is likely to decrease the rate of
migration from the agricultural to the industrial sector. Since milk
production is often considered as one of the best way of making use of
unemployed manpower resources in a farm, this decrease of the rate of
migration could very well result in an increased overall milk production.
On the other hand, it 1is true that farmers and farm workers are by now more
demanding in terms of working conditions. Milk production is far from being
ideal in that respect, because it implies late or early working hours and
it is difficult to leave the farm for a holiday. These points are often
raised by farmers' organizations. However it is not the opinion of the
author that this fact alone could entail a sigpificant reduction of milk
supply in the next few years. To a large extent, these considerations are
merely tied to the price of labour : It is always possible to find manpower
for toilsome work if it is comparatively well paid. Therefore, the labour
supply for milk porduction would be reduced only if the monetary
productivity of labour in that activity would increase less than in other
comparable activities.

Finaly, it may be interesting to indicate that the most striking
change in the conditions of milk production in France during the last few
years occured in the western provinces (especially Britany) where the
production increased dramatically.

This evolution was initiated by two factors : The decay of the
"Bretonne" breed, which was replaced by more productive ones, such as the
"Frangaise Frisonne Pie Noire", or the "Normande"-a replacement which,in
its turn,was made possible by improved feedstuffs.The second factor is the
fact that, partly because of their own dynamism, partly because they were
obliged to find markets for their increasing production, the dairies of
these regions begun to make new types of cheese, of the emmenthal type,
which formely, was produced only in the eastern part of the country. Britton
emmenthal is of second grade, but cheap, and was well received by consumers,



with the consequence that Eastern producers now encounter increasing
difficulties for selling their productionl/ . As a result of this "war"
between East and West, the total market for "fresh products"(as opposed to
milk powder and butter) has been significantly expanded during the last
ten years.

I - 2 : Milk production conditions in Italy?2/

A recent study describing these conditions is INEA (1980) : Domanda
e offerta di Tatte e Tatterio caseari in Italia. Although this document is
mainly concerned with the demand side of the problem, it provides some
interesting views on the milk supply in Italy. Other documents if interest
are OCDE (1978) and MESSORI (1976).

The Italian milk production is far from being negligible, contrary to
a common creed : Although its density is lower, because the country is
relatively large, its overall total approaches that of the Netherlands.
According to the studies referred to above, the main features of this
production are the followings :

- Although the domestic production has grown significantly during the
last few years, it has grown a moderate rate, and far less than domestic
demand.

F/1T

1/ See HAIRY and PERRAUD (1976) and EVRARD (1978) for a description of
these problems, and a broader view of the French dairy industry.

2/  Thanks are due to professor DE BENEDICTIS, and to the staff of the
INEA, for providing the author with an ample and underused
documentation.
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- This situation is explained by the fact that the comparative
advantage of local production over imported milk is disappearing as the
technology of milk conservation is progressing. Thus, local production
tends to be restricted to fresh milk, or to milk which needs to be
processed near the production location. This local production is paid more
than imported milk, which is cheaper, even if transportation costs are
taken in account.

- The milk production in Italy is mainly concentrated on small farms.
About 50 % of the cows come from herds with less than 9 heads. There is
a slight downward tendency of this figure, but at a very small rate. The
yield per cow is also relatively small (about 3000 kg/head) which implies
that the milk producing technology is still in a relatively primitive state.
At the same time,some large herds (50 heads and over) exist mainly in the
Northern part of the country. A surprisingly low proportion of the total
supply comes from medium sized herds.

- The total number of dairy cows decreased recently by a large amount
(from 3,3 millions in 1970 to 2,95 millions in 1977). But the production
per cow is steadily increasing (from 24,00 h1 in 1970 to 30,50 in 1977)
so that the total production is increasing (from 80 millions of hl in 1970
to 91 in 1977).

- As a consequence of the small size of herds, the cost of collection
and transportation of Tocal milk is relatively high - a fact which
explains the price differential between domestic milk and imported milk,
with a farm gate price fixed at the EEC Tevel.

- A modification of this situation is not very likely in the next few
years, since large farmers have presently more profitable activities than
milk production to invest in. However, it is clear that a rise of the milk
price may change the picture in that respect. On the other hand, a
Towering of the price is not likely to reduce supply through a more
extensive feeding pattern since the feeding pattern is already extensive.
However, it is not unlikely that a lowering of the price of milk could push
an increasing number of small herds out of business.
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- The real price of milk (current price deflated by the consumer price
index) has been considerably increased : from 100 in 1970 to 152-6 in 1977
according to OECD (1980) 17 The production is far from having grown at the
same rate : the annual coumpound rate of growth of production .as -0.3
for the period 1970/72, and + 0.2 for the period 1975/77. By contrast, the
same rates of growth were + 2.5 and + 1.3 for France, and +1.2 and + 1.4
for the EEC. These figures are consistent with the assumption that the
elasticity of milk supply with respect to price is about zero or even
negative in Italy. Such a conclusion would be misleading, since many other
economic determinants of the milk supply has changed at the same time. For
instance, EUROSTAT indicates that the number of workers in the agricultural
sector has increased in Italy between 1974 and 1977 (from 3.11 to 3.14
millions), whereas, it has decreased in France (from 2.45 to 1.97 millions).
The relative evolutions of various agricultural prices have also been
divergent : the real price of wheat (1976 = 100) was 112 in 1977 ,that of
potatoes was 270, that of sugar beets 131. There is thus a possibility
that the production of milk remained constant, even with an increasing
real price of milk, and despite a positive elasticity of milk supply
with respect to price.

- The major issue of the current debate pertaining to milk policy in
Italy is : "How to convince Italian consumers to pay a little more for
Italian rather than foreign milk ?".

- In addition, the INEA (1980) published recently an extremely
interesting report on production costs in agriculture. It gives the
breakdown of the total gross product between intermediate consumptions,
machiens, manpower, and fixed costs, for various techniques of production
in various regions, for the main agricultural commodities in Italy.
Although these data came too late for being used in the present report,
they could be of invaluable interest in the kind of study described in
chapter IlI. These figures and a few additional ones, provided by IRVAM and
ISTAT are published by the parTiament (ORLANDO, 1979).

1/ As a comparizon basis, the same index for France reached the value 92.0
in 1977 It was 81.1 for the EEC in the whole.
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CHAPTER II

Possible model approaches for estimating milk supply response
in France and Italy

II - 1 : Overview of available models

A) - Comprehensive farm model in France

Three farm sector models were built up in France during the last
years :

a) - The OMTR model (FARHI and VERCUEIL, 1969)

This was a large linear programing model of interregional competition
built along the 1ine defined by HEADY. The size of the current matrix was
about 600 x 600. It used a significant amount of the existing agricultural
economists labour supply during the sixties. It gave poor results, in the
sens that it was difficult to check its predictive ability, so that it was
finally dismounted and is no more in use.

b) - The SIMAGRI model (RUCH, MONTFORT and WINTER, 1974)

This model was built up by the "Direction de la Prévision" of the
Ministry of Finance. It is an econometric model, based on a cross section
analysis of the French agricultural sector, and a few time series. The
farm sector is divided into only seven sectors : cereals, perennial crops,
other crops, beef, veal, milk other livestock productions. The model is not
"checkable" because its sole purpose it ot predict the state of the farm
sector at only two precise dates in the future : 1980 and 1985 (starting
from the situation in 1970). Nevertheless, since the milk price is among
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the exogenous variables, it is possible to investigate what kind of change
would be induced by a change in the price of milk, by comparizon with the
“central solution" (that is, the solution which correspond to the "most
likely" value of the exogenous variable, as they stood in 1970). The model
takes into account various mechanism which determine farm production.
Especially, the ties between income and agricultural manpower are
investigated. It is thus possible to relate the production capacity to
changes in income.

c) - The "Modéle historico-statistique" of INRA (BOUSSARD, 1975)

The model was built in the Institut National de la Recherche
Agronomique. It is also an eccnometric model, based on statistical inference
It uses time series as an exclusive source of data with 20 observations
from 1949 to 1969. This number of observations is too small for the
number of coefficients to estimate so that the predictive power of the
model, checked against the estimations period, was not so good as expected.

The farm sector is divided into 16 subsectors among which milk
production (however, cow milk is merged with goat milk, and sheep milk).
Althgouth the order of magnitude of the forecast for 1980 and 1985 are
similar to that of SIMAGRI, the direction of changes (by comparizon with
the "central solution") may differ in magnitude and even in sign, with
those predicted by SIMAGRI.

The model was dismounted because it failed to catching the attention
of French officials. It has been reactived for the present study, and
reestimated over a largernumber of observations (from 1949 up to 1978).

B) - Other models for France

In addition a few other studies may cast Tight on the milk supply
response problem :
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a) - CORDONNIER prepared for the EEC commission a set of Tinear
programming models of "typical" farms. Unfortunately, these models are too
few to cover the variety of farm situations in France, so that the answers
will be very partial in any case. Moreover, the farm structure is supposed
to be fixed, thus preventing the investigation of a major component of
milk supply response, i.e, the fact that a lowering of the price of milk
would force a number of old farmers to retire, therefore changing the farm
structure.

The models were tested on the situation of represented farms at that
time. But no experiments were performed through time. This is a direct
consequence of the difficulty of using these models in the framework of
changing structures.

They were used by IFO who came to the conclusion that the elasticity
of milk supply with respect to price is very small. This is surprising,
from two points of view : First, because of preceeding consideration about
the difficulty of using them for that purpose. And second, because even
within the narrow framework in which they are built, they suggest a
rather large elasticity, as indicated below.

b) - Several linear programming farm models were built in various
regions, especially Southern France, for various purposes (For instance,
BOUSSARD and BRUN, 1970). They include "safety constraints" and financial
management, with the possibility for the farmer to go out of business if
the safety constraints are not met. In principle, they could have
complemented the findings of the Cordonnier's model. In practice,
reactivating these models would have been a toilsome task, which was not
attempted.

c) - In addition to the models already mentioned the FORMA (Fonds
d'Orientation et de Modernisation des Marchés Agricoles) operates a
demographic model of the French herd in order to prepare short run
predictions of the milk supply. Unfortunately, the model, a description of
which can be found in FORMA and RAULT (1979), does not use the price as an
explanatory variable. It is therefore useless for the purpose of the present
study, although it deserves a mention from a more general point of view.
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C) - The case of Italy

Only one reference to an econometric model of the agricultural sector
is made for Italy. (BERTELE and BRIOSCHI, 1975 quoted by NEUNTEUFEL, 1978).
In fact, this is only a detailed input/output table of the agricultural
sector. It is available only for 1972, which is a bit far in time. It is
not suitable for projections, but once adaptated, it could be a starting
point for the kind of approach described in chapter III below. Unfortunately
the author, despite his efforts, was not able to get the original report
on this model.

D) - Models at the EEC leve!

a) - The IIASA model

The IIASA (International Institute for Applied System Analysis) is
presently engaged in the building of a large scale model of the world
food economy. The model is coumpound with several regional submodels, among
which an EEC submodel (de HAEN et al, 1978). Teh latter in its turn is
decomposed into several national submodels (Benelux, France, Italy, Germany,
Great-Britain, Denmark) which have been estimated during the recent month.
In each national submodel, the agricultural sector is decomposed into about
10 commodities, among which milk. Although the production function used in
these models is quite similar to that which was used in the third part of
the present report, a great number of relationships which were ignored in
this third part were incorporated into the IIASA-EEC submodel. Thus, the
latter is recursive (the results of one year being used as a starting
position for the following year) and testable. First results of the tests
show a good adequacy between model and reality. Unfortunately, these results
have not yet been published. If it were possible to make use of them, they
would have provided us with reliable and comparable estimates of milk
supply response in each country of the EEC. Unfortunately, for lack of time
this has not been attempted in the present study.
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b) - A German regression model of milk supply

AEIKENS (1978) recently presented an interesting model at a meeting
of the German society for agricultural economics. It is based on the least
square estimation of two equations by country; one for the number of cows,
one for the yield per cow. The explanatory variables differ between
countries, for various reasons, such as lack of data.or poor explanatory
power. The main results are :

- The comparative advantage of work outside agriculture as against
milk production 1is often a determinant variable for the number of cows.
However, this variable is more important in countries having small herds
and small farms, that in countries with better structures, where the
influence of the competitiviness between various subsectors of the
agricultural sector is more marked.

- The milk price affects the yields per cow in all countries. The price
of feedstuffs behaves the same way in almost all countries.

The model was tested over the period 1965-1977, with fairly good
results in the sens of THEIL's U-statistics, although the authors did
not indicate if his test was performed within a recursive framework or
not.

c) - An Italian study of milk supply in Italy and in the EEC

A book by DE STEFANO and SCANDIZZO (1971) gives some estimates of
price elasticities for Italy and the EEC. Although this study is somewhat
old, it deserves a mention here - the more as it seems to be the only
reference available in this field.
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The elasticity is estimated through a time series multiple regressions.
of milk supply over a few explanatory variables, among which lagged prices

and supply. Observations concern the period between 1953 and 1965
(13 points).

Il - 2 : Some findings from the "modéle historico-statistique"

The coefficient of the equations of the "modéle historico-statistique"
may be used for deriving some tentative estimates of the milk supply
response with respect to price.

The basic relationship in this model is of the following form :

y P X
(I11.1) Log w— =a Logy"""tb Logg—t" 4+ ¢ + ¢
V-1 -1 £-6 -1 t

where :

Y is the predicted variable for the equation considered (for instance,
milk supply in year t).

Pt is the corresponding price in year t (for instance, the price of milk).
Xy is the values taken by other exogenous variables.

6 and ' are "lag factors" (usually -1)
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With such a function, the elasticit (t,0) Ve s BPe
1 such a tunction, e elasticity e 30) = —= -
Yt Piog

is given directly 1 by the coefficient a.

Table II.1 gives the results of the estimates pertaining to milk
production, i.e, the milk production per ha of feed crops and the total
surface of feed crops. Combining the two equations gives an estimate of
the elasticity which is :

dqg dp

t t-1

_t / = 0.27
¢ Pe1

However, this figure is deduced from the partial derivative of a set
of equations such as (III.1). Now the variable xlt’ X2t’ ces Xnt depend

upon P, _, and also upon Py o, Py a... Py ;.

Yy

Notice that : dyy / Prog -1
y P = -a
t t- o6-1
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From the 1ist of variables displayed in'Table II.1, it is clear that
the “"gross income from production related to milk" 1/ depends upon the
price of milk, as well as the price of land (because the price of land is
computed so as to have Dy dsi = 0, where dsi is the change in the surface

of crop i between year t and year t-1). Moreover, although the manpower/ha
is a completely exogenous variable in this model, it is clear that this
quantity is not independant from the agricultural income during previous
years.

Unfortunately, the magnitude and even the direction of the changes in
the quantity of milk which could have been induced by these additional
relationships are unpredictable from the coefficients of the model. Only a
set of runs of the model, under various assumptions about the price of milk,
would give some elements of answer.

Such runs have been performed with the results given in Table II.2.

Before interpreting these results, it is usefull to notice that the
model was reestimated over the period 1949-1977. However, because of the
lack of homogeneity of French statistical series, some of the explanatory
variables were excluded from the new model, with the consequence that,
despite the longer time span of the estimated series, the results of the
estimation were not so good as the preceeding ones.(Another reason for this
outcome is that, because of the new economic situation prevailing after
1972, the series used in the estimation were Tess homogenous than for the
period 1949-1969). The elasticities derived from these experiments are
therefore less reliable than those which were derived from the first version
of the model for the years 1949-1969. Unfortunately because of the
unavailability of some of the time series, it was impossible to run the
model for the pericd 1978-1985 with the old coefficients.

1/ These productions are the following : cereals, potatoes, misceallenous
hogs, poultry, sugar beet. They represent the set of agricultural
productions normally associated with milk in productions systems.
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Nevertheless, these results are instructive : They show, first of all,
an increasing tendency of the French milk production. In fact, it is
unlikely that the increase be so quick as shown by these results : It is
likely that the constant term in the yield equation, has been overestimated.
However, this constant does exist, with the consequence that a sustained
increase in milk production is 1ikely, all other things remaining fixed.

On the other hand, this model shows an asymetric elasticity with
respect to price, according as the price increases or decreases : the
elasticity is negative for a pri¢e increase, and positive for a price
decrease.

The five years (long run) elasticity is - 0.44 in the first case
and + 1.63 in the second one.

At the same time, the one year (short run) elasticity is practically
zero in both cases. Notice that this is not inconsistant with the preceeding
conclusion that the short run elasticity was 0.27 : Since other mechanismes
than the increases of milk price are involved in this modei, it is not
surprising that the overall elasticity differs from that which is derived
from the coefficient estimates of the model.

IT - 3 : Some findings of the SIMAGRI model

This model was solved at first for a "central solution". This term does
not mean that this solution is the most likely,although it was established
with the most 1ikely values for the exogenous variables. The central
solution serves only as a comparizon for discussing the effects of such
and such measure.

A change in the price of milk was among the measures which were
examined. The central solution (C) assumed that the price of milk was
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increasing at a rate of 7.3 % per year (undeflated) l/. Solution A (Tower
hypothesis) assumed that the price of milk was increasing only at 5 % rate,
all other things remaining equal, and the solution B (higher hypothesis)

assumed a rate of 10 %.

The main conclusion (direction de la Prévision, 1974) is given in the
tabTe II.3 below :

F/IT

1/ The rate of inflation was assured to be 8 % per year.
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It is surprizing that the price of milk has no effect on the number of
farms. This result contradicts many previous qualitative observations. It
suggests that the elasticity measured may have been underestimated. Keeping
this restriction in mind, the figures displayed in table II shown that a
repeated decrease of 2.7 % per year of the price of milk would Tower the
production of milk after 15 years by 2 %. Conversely, a repeated increase
of 2.3 % would raise this production by 2 %.

This result is not easy to interpret in terms of elasticity :

Pa being the price of milk under hypothesis A, PC under hypothesis B,

then, P,/P. = (1.05)" _ . . 0
ATe (To73) = (1 - 0.021)

In the average, over 15 years, one can admit that this corresponds to
a 15 % change of the price of milk, (0 % for year 0, 30 % for year 15).
Sincec the production in year 15 changes by 2 %, the 15 year elasticity is
0.13. However, this result must be taken with suspicion, as indicated
previously.

At the same time, the results just presented show that the change in
the price of milk could bring about more important changes in other
productions (such as beef) than in milk production.

IT - 4 : Results drawn from models at the EEC Tevel

a) - Cordonnier's model

The set of linear programming models built by CORDONNIER was used in
order to evaluate the impact of changes in the price 1/of milk (-15 %,
-10 %, -5 %, +10 %, + 15 %). The main conclusions are what farmers'
reaction to these changes may vary considerably from one type of farm to

1/ No inflationary process is assumed in this model.
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another. The systems for which milk is the major production do not change
their supply very much. But their incomes are deeply affected by the change.
For instance, in the Cambridge region in the U.K lowering the price by 15 %
would reduce the number of cows by 16 %, and reduce the income by 33 %. On
the contrary, for a typical farm in Northern France, this reduction in the
price of milk would suppress the milk production, but reduce income by

only 4 %.

b) - Aeikens' model

Aeikens presents in his table 7 a set of computations of the
elasticities of milk yields with respect to milk price. Since the milk price
does not affect the number of cows in this model, this amounts to an
estimate fo the milk supply elasticity with respect to price. Aeikens'
results are reproduced in table II.4.

TABLE II.4
Milk price elasticity of supply in Aeiken's model

Countries Elasticity Lag
1965 -1967

Denmark 0.17 -0.5
Germany 0.08 -0.5
France 0.11 -0.5
Ireland 0.27 -0.5
Italy 0.59 0
Netherlands 0.31 -0.5
Great Britain 0.20 -0.5
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C) - Main results of the DE STEPHANO and SCANDIZZ0 model

The long term elasticities given by the authors is reproduced in
table II.5 :
TABLE II.5

Long term elasticity of milk supply in various countries, as
estimated by DE STEFANO and SCAMDIZZO

Elasticity of milk supply
GERMANY 1.802
FRANCE 0.943
ITALY 0.774
BELGIUM 0.375

These long term elasticities are derived from regressions, using a
Nerlovian expectation scheme for computing a Tong run equilibrium supply
equation from the observation of actual prices and supply relationships.

Assuming that Yi is the long period equilibrium quantity for year t,

Pz is the corresponding price, and Xt is the corresponding level of "other
variables" explaining production, it is assumed that :

= o +8P% 4 y X

Y t

* %
t t
But Y: , Pt and X: » by definition, are unobsvervable. What can be

t? Pt and Xt , the quantities and prices actually realized on
year t. Moreover, an additional assumption states that :

Yo = Yo+ A(Y Y

observed is Y

*
t-1 t-1) Yy
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|
where Ais a "coefficient of adaptation and Uy a random variable, with

E (ut) =0

From these equations, and with a few additional assumptions especially,
about Uy and the magnitude of A, it is possible to get an estimable

equation, the form of which is :

t

y =a+b Yt—l + b, ¥ +cq X +c, X

t-2 °° 17¢-1 2 "t-27

Moreover, it is possible to compute asgs and § from a, the bi's
the ci's and the di's.

In practice, because the number of observations is limited it is
hardly possible to estimate more than 3 or 4 of the bi's, ci's and di's.

This is sufficient however, for a reasonnable precision, given the order
of the values of A, as B » and y.

From these estimates, the authors compute a long run equilibrium price
at the EEC level. It is noticeable that, even at that time, the equilibrium
price if far under the current price : For milk, the difference between the
current price - in other words, the 1970 price of milk should have been
reduced by 34 % in order to reach the equilibrium point.

The main advantage of such a drastic reduction in the milk price
would be a very significant increase of the consumer rent, and a suppression
of the cost of the Common Agricultural Policy. At the same time, the
authors contend that it is feasible, ever from the point of view of the
producers, provided it could be understood as a long run target rather than
a proposal for the short run.
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CHAPTER III

The production function approach for estimating supply elasticity

IIT - 1 : General consideration 1/

Suppose we know a function q = f(x) which relates the physical
quantity of product, q, to the physical guantity of input x (x is a vector,
the component of which is X5 for input i). If farmers were rational profit

maximizers, the value x*  of the inputs used in agricultural production
would be given by the solution of the problem :

(ITI.1.) Ma x [B = Pq f(x) - »p x]

X

where p_ is the price of output, and p is the vector of the prices of

inputs. Then 9%%551 / -% will give us the desired elasticity.
q

The formal simplicity of this approach hides a number of difficulties
among which :
i - the specification of the function f(x) and

ii - the relationships between x and p.

1/ This exposition relies upon professor Jones' contribution to the panel
of experts. A bibliography can be found in GARDNER (1979).
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In order to be tractable, f must not depend on too many parameters.
In that respect, the most common production function used in literature is
the so called CES production function :

(I111.1.2) fx) = v ( = &%) e

vy is a scale parameter,p is the elasticity of substitution parameter (with
elasticity of substitution o = "_T%?T—') which indicates how easily

an input can be substituted for another and the ai's are the factor
intensity parameters.

If p= 0 ( o = 1) this function reduces itself to the famous Cobb
Douglas production function.

(I11.1.3) f(x) =v I x
which depends only upon I + 1 coefficients, if I is the number of inputs.

By choosing appropriate units, one may specific q =
p=1...1. Then, with the additional assumption that x =

possible to show that §; = pixi/pqq = X5 At the same time y = 1. Thus,
if the xi's are known, the only unknown parameter is p.

pq‘_'l’

1,
x* , it is

At the same time, the supply elasticity of input i with respect to
price is given by :

dxi dp

(I11.1.4) B 5w /=,
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Then it can be shown (JONES, 1980) that the elasticity e of the
supply of the product with respect to price is given by :

SiBy
Z [ —
. +8.
(11.1.5) e =8f(x) . i T
dp S,
q L i
o+8

where S, is the share of input i in the total output value.

The major advantage of this approach is that e depends only upono ,
the si‘s and the Bi's.

The results may not be very sensitive to o . In fact it seems possible
to take 0 =1 (i.e, p=0), since this case corresponds to the Coob Douglas
production function, which is commonly used in many econometric models.

The s.'s are more difficult to estimate. But the difficulty is not a
diriment obstacle. In many studies of gross margin,it is possible to find
out likely estimates of the share of each factor in the final gross product.
The constraint that % s; = 1 makes this estimation easier.

The real trouble is with the Bi's . It is not inconceivable to
estimate the Bils both in the long term and in the short term, at the

farm sector level : For instance, it is clear that the supply elasticity of
land is practically null, in the short as well as in the long term. Labour
is probably fixed in the short term, and rather elastic in the long term.
Fertilizers and pesticides can be considered as infinitely elastic.
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But the problem is not there.It is in the fact that
the supply of inputs for the milk sector depends also upon the possibility
of shifting inputs to the milk sector from other agricultural sectors (such
as wheat or vegetables). To disregard this fact would be extremely
misleading. However, it is possible to modify the preceeding approach, in
order to take this consideration into account.

IIT - 2 : A multiple output version of the production function approach

In this approach, we shall keep the general setting of the preceeding
section - especially the idea that the elasticities depend upon the supply
elasticity of inputs at the farm gate. But we shall try to take account of
the possibility of shifting resources from one farm activity to another, if
the marginal product of a given input is higher in one activity than in
another. In that way, the importance of a price estimation of the 8 i's is

smaller, since the main source of changes in production will be the changes
in marginal productivities of each input with each activity. Thus, it will
be necessary to write down the initial equilibrium between productions, by
stating that, in the optimal situation, all marginal productivities,
expressed in value, are equal. Then, we shall compute the changes in this
equilibrium which will be induced by a change in the price of output.
Relating the percent change in output quantities associated to a given
percent change in output prices will provide us with the desired
elasticities.

A) - Basic model

Suppose that for each agricultural product (denoted 1...3...d)sthe
production function is of CES form :

"l/p.
l P J
I11.2.1 .= . .. J
( ) qJ Yj % 61J Xij ]
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with :

qj : physical quantity of product j.

xij : physical quantity of factor i used in the production of j.
Yj’ 5ij’ pj : function parameters, as above.

In addition, pj denotes the price of output j, and P; the price of
input 1. Bi is the elasticity of supply of input i (cf equation III.1.4).
There are I inputs, and J outputs. X5 = Zj Xij is the total quantity of
input i used in the production of all outputs. N is the number of
coefficient Xij'

The choice of measurement units is arbitrary. Without loss of
generality, it is possible to set qj =1¥ j. Then pj is the value of the

total production of output j. Again, this value is arbitrary, because the
monetary unit is not yet fixed. Choosing it in such a way that Z p q =1,

amounts to the same thing as defining p as the share of output j in the
total value of production.

Similarly, on the factor side, because the production function is
homogenous and of degree 1, the value of outputs equals the value of inputs.
Thus p X; = 1. Then it is possible to choose the measurement units of

the quant1t1es of inputs so as to get X5 = 1 ¥ 1. In that case, P; is the

share of factor i in the total value of input, which equals the total
value of outputs.
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Recalling that .p.x.. = p.
LR B P I DX
in the total value of output j, then Sij = iTij
Xss = pjsij . Therefore, the four sets of pj

1] ——p1

and thus
parameters xij’

Xis Pys pj depend only upon the si.'s and the share of output j in the

J
total production.

Each input belongs to one of three mutually exclusive sets :

F/IT

and denoting by sij the share of input i

S1 Py o= (the factor i is supplied at fixed prices)
52 0 ¢« By < t (increasing the demand of i increases its prices)
S3 By = 0 (xi = Xi’ fixed).

Ny» Ny Ng represent the number of inputs i belonging respectively to

Sl, 52, 53 with ng+n, + ng = I.
then,
1.2.2 i 0, ieS
.l - = ’ 1
(11 ) P 1

i
I11.2.3 1 =
( ) P SRR
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(111.2.4) & dx.. =0 ie S,

Under free competition between farmers, the marginal value product
equal the price for each input. Therefore :

q. P,
.2. J = J .
(IIIZS) %‘ = —'*p—.— VTJ X..#O
67 1J i 1
Moreover, from (III.2.1) :
1+Q.
95 . J
(111.2.6) A% | Sij 9 Vij,xi]. £0

d *i3 *ij
Combining (II1.2.5) and (III1.2.6) gives :
1+(i

qa.
(IT1.2.7) pj é:ij i N = p. Vi
Xij J xij # 0
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Equation (III.2.7) holds whatever pj, qj, Xij and P;- In order to
investigate what happens for small changes dpi, dxi., dpj and dqj, it is

J
possible to differenciate it. Thus :

(111.2.8) dDj dqj dxij dp_i
2. —+ (1I+P.) —= - (1+pP.) —L =— V¥ ij .. #0
Pj ( fJ) qj ( (J) xij Py /7 J X1J #
dq.
Similarly, Erg' is given by :
J
dq. 3q. P
1 b J 1 DS | . .
(I11.2.9) N e I dx,, = — L odx.. 5 j=1...]
qj qj i 3X.ij 1J qj i pj 1]

dp.
Recalling that equations (III.2.2) to (III.2.4) express the _51 's

, i
as linear functions of the dxij's,and reporting (III.2.9) in (I11.2.8),
it is possible to define dpj as a linear function of the dxij's. Thus,

Pj

if we denote by :

G : a transfer matrix with N rows and I columns :




-3~ F/IT

: the column vector of dimension J, the elements of which are dpj/pj

X : the column vector of dimension N, the elements of which are dxij

P53 : the column vector of dimension N3s the elements of which are
dpi / Pis for 1’653.

M : a matrix of dimension (N+n3), (N+n3). The first n columns of M
correspond to dxij’ the Tast na columns to dpi for i € S3. The first

N rows of M correspond to equation (IIL[.2.8), in which fﬂi
q.
J
is expressed in function of dxij through equation (III.2.9),and the
dpi
s 's for 1€‘Sl, 52 are expressed in function of dxij through

i
equations (III.2.2) and (II1.2.3). The last Ny rows of M correspond

to equation (III.2.4).

0 : A matrix with n, rows and I columns which is entirely filied with
zeroes. 3

then :

(111.2.10) [8} P = M‘}ég]

Unfortunately, the matrix M can be singular because,since the productior
function is homogenous and of degree 1, quj = I pixij , hence :
, i

(111.2.11) deQj + qupJ =¥ DidXU + X1Jdp.i: dg=1...d,
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dq.
Therefore, a—i- depends linearly of the dxij'S through 2J equations
J

(ITI.2.11) and (III.2.9) instead of J. Thus,there is a possibility that the
M matrix defined in (III.2.10) be singular. In fact, it can be shown
(BOUSSARD, 1980) that M is not singular if all inputs belong to the set 52’
but may be singular if all inputs belong to S, (which is evident), or if

at least two activities consume the same inpu% belonging to S,. In order to
avoid any difficulty of that kind, it has been assumed that cgrtain inputs
cannot be shifted instantaneously from one production process to another.
For instance, cows cannot be replaced instantaneously by sheep, or pastures
by arable land. Probably a certain fraction of each input can thus be
shifted, but not the whole. Therefore, it is convenient to denote by

(1 - Aij) the fraction of each input which can be shifted. Thus, kij is the

fixed share of each x...

1J
In that case,the decision variable is not X132 but x?j » such that
e X . ° _ PR ° .
Xi3 = %4j + Xij » With x i3 / Xij = Aij at equilibrium, and X3 is the
fixed part of x...
1
Then equation (III.2.1) is written :
' * =P ) 0. |-1/p.
_ I 68 * J 8 ° J J
(111.2.12) q: = v s s X s .
AR A R N & * 45 %5 ¥ Js

With this new specification of the production function, equations (III.2.2)
to (III.2.9) are still valid. It is only necessary to replace Gij by G?j

and Xij by x?j . But it is no more true that :

q.
= J
(I11.2.13) dqj = g X dxij

ij
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*

since I p;X i £z PiXs- Therefore, the matrix M built from the
i i
X*ij 's is no more singular .

Thus, it is possible to compute X from (II1.2.10) by :

x | wl s e
(111.2.14) Ry 0

dq.
Now, from (II1.2.9), denoting by @ the vector -aji it is possible
to write : J
(TII.2.15) Q=EX

where E is again a matrix with J rows and I x J columns, the coefficients
of which are given by (II1I.2.9).Thus, (I11.2.13) and (III.2.14) give the
dqg.
afl 's corresponding to any specification of dpj/pj.

J

Especially, taking dpj/pj = 0 except for j = j*, in which case
dpj{pj*= 1,gives the dqj/qj s which correspond to dpj* / pj* = 1, everything

else remaining unchanged - i.e the e1astic;ty and cross elasticities of
the qj's with respect to the price of j°. Even more, replacing the

vector P by a diagonal unitary matrix makes g the matrix of elasticities
and cross elasticities of each output quantities with respect to each
output prices. This matrix is thus given by :

(I11.2.16) R= [E o] ul [G]

0
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IIT - 3 : Some further complications

a) - The problem of financing capital

Up till now, the problem of financing capital has been disregarded,
or more rigorously, it has been assumed that the price of any input
incorporated the price of financing capital associated with buying this
input. But the financing capital is a specific commodity, the
characteristics of which are different from the others. It is desirable to
isolate it in the previous model.

This can be done by assuming that the input prices which have been
used previously are made up of two elements :

PR
(IT1.3.1) pj = (p it tipk)
where p*i is the original market price of the input, Pk is the price of
capital (the rate of interest) and ti is the Tifespan of input i.

*x
(I11.3.2) £ tixij Py = K
iJ

where K is the total available capital.
Incorporating this analysis into the preceeding framework does not

raise any problem. Only, one row and one column are added to the matrix M.
The row corresponds to the equation :

z % i .
(I11.3.3) i (dx, Py + g Xo. dX ) = dK
j,'ieSIS2 :
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with either dK = 0 (if the capital is in short supply) or dK = BkKk if an
elasticity Bk of capital supply with respect to price is assumed 1/,

The elements of the additional columns are obtained in replacing
P; by p? + tipk and dpi by dp*i + tidpk in equations (III.2.5). Thus, the
elements of this column of matrix M are ti'

Notice also that we are not free to choose the price of capital as we
want, since the capital unit depends upon the units chosen for the inputs
through equation (III.3.2). The actual rate of interest r must be used.
Then from (II1.2.3),

(111.3.4) I Br (Zt.xij )

pk ij i

1

This value is reported with a minus sign, at the intersection of the
last row and of the last column of matrix M.

b) - The income effect

Furthermore, the income effect, that is, the fact that dK depends
upon the change in income generated by the change in price is disregarded
here.

In order to incorporate this consideration into the model, let us
define a set of inputs 54. An inputs belongs to S4 if a share X; of the

1/ i e53 is disregarded in this equation, because farmers do not have

effectively to buy these factors. However, this assumption is
discussable. Other models may take accounts of this effect of the
price of one commodity upon the price of land and other fixed factors.
This effect will disregarded for the moment.
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income generated by this input is a part of the farmers' income. Thus, the
components of S, are the family labour, the land owend by farmers, etc...
Then the change 'of income generated by the new situations is, for each
year :

(II11.2.5) dl = §,i 634 “i(dpi X435 + pidxij)

with dpi being given by (III.2.2) through (III.2.4)

If s is the marginal propensity to save, and T is the time horizon
over which the elasticity is computed, then :

(111.3.6) dK = K+L T s dI

Bk
where L is the "leverage effect"”, that is, the coefficient which multiply
saving through the self financing constraint imposed by banks.

However, it would not have been correct to incorporate this effect
into the present model. This is a consequence of dynamic considerations :
it is not possible to finance the current production by the current
income. Otherwise, it would always be possible to finance an infinite
production by an infinite income. A lag must be introduced in such a model,
the dK of period t corresponding to the income of period t-1. Although it
would have been useful to make use of such a dynamic model, this was not
attempted, for lack of time. Therefore, in its present version, the model
disregarded the "income effect" - with the consequence that the long term
elasticities may be under-estimated. However, the preceeding reasoning
allows for the computatlon of the e]ast1c1ty of farmers' 1ncome with
respect to any change in outputs prices, provided that the B4 's are known.
This has been done tentatively in this study.
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c) - The problem of joint production

Up till now, it has been assumed that each activity produces only one
product. This is clearly not the case for milk, since this activity -
produces meat as well. A full treatment of this difficulty would not have
been easy, because it would imply measuring the change in the ratio :
production of meat/production of milk, which is induced by a change in the
ratio : price of milk/price of meat. Clearly, the general approach which is
chosen here is not suitable for that purpose. A possible alternative
approach would have been to define a joint CES milk and meat production
function along the line suggested for instance by MUNDLACK (1966) or by
HASENKAMP (1976).

Another approach would have been to define a set of milk/meat
producing subactivities, each with a fixed milk production/meat production.
Then, it would have been possible to estimate the elasticity if each of
these subactivities, and to compute the overall elasticity of milk supply
as a weighed sum of the elasticity of each of the subactivities.

For lack of data, this was not attempted, and we limited our study to
the measurement of the elasticity of only one milk producing activity in
each region, with the consequence that the milk supply elasticity with
respect to price if underestimated. In that context, we have :

q=q,+q
(111.3.7) 1772
q2=Yq1

where q is the production of the milk/meat producing activity.

9 is the production of milk
9, is the production of meat
v is a fixed coefficient
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Assuming Py is the price of milk, Po is the price of meat, and p is the

price of the joint production, then :

PQ = P19y * Pya; =y (Py +YP,)

and

p; + §P
(1I1.3.8) p = _Ll_:{??__

thus, assuming that only Pys varies :

dg _

CRE
(111.3.9) o . P Pi* ¥P
-3 - Ty | Tvy

e denoting the elasticity g% / %E- as measured by the system of equations

described in the previous section, one can derive from equation

from (II1.3.9). —_
day Py

(111.3.10) - —

1

(111.3.10)
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This equation shows that a correction coefficient, which is a function
of vy and of Py must be applied to the result of equation (II1.2.14) if

Py

we want to compute the elasticity of milk only, and not that of the joint
production meat and miik.

Notice that, if r

1 = P19 and ro = P,d, one has :

P2 "2 %

and because of (II1.3.7) Pp T
Py % P 1

Y

thus (II1.3.10) can be written :

dp, Py 1 r e
111.3.11 — . = e = e S S
( ) 9 dpy 14 2 "1+ "2
"

W= rl/(r1 + r2) is the share of milk in the total output of the milk and

meat producing activity. This coefficient has been used to correct the
results obtained from equation (III.2.15).

More generally, let E be the matrix of supply elasticities pertaining
to a set of activities, so that :

dQJ dP

(111.3.12) 9y
Q- Pa
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dQ

Notice that E is not necessarily square. T is a vector, the
J

q.
elements —Y of which is the relative increment of the physical level of

S5y dp,
acticity j. P is also a vector, the element P of which is the
A 1

relative increment of the price associated with activity 1. dQJ, QJ, dPA,
PA can also be considered by those of V2 as vectors, V1/V2 representing
the division term by term of the elements of V1 . The activity 1 produces

several outputs (for instance, 1 is the "milk producing activity", but it
produces also some meat). Let q. denote the quantity of the output, and QR

the vector corresponding to all q,- Qr and QA are related by :

(I11.3.13) | Q. = AQ,

where A is a matrix of technical coefficients (notice that A is not
necessarily square). QA is a subset of QJ, and PA is the price vector

associated with QA.

Hence :

dQR = A dQA

Similarly, PR is the price vector associated with the outputs.

T
If units are chosen so as to have QA = [1...1] . PR =[_1 1] T,

the elements ajr of A are such that prajr / pj = Sjr’ where S1p is the
share of output r in the total output of activity 1. Since Py = 1,
3, = PySyp0 and Py = X g For the same reason:

J
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(111.3.14)

R = Pa

_ _ T

Then, Qq = A Qy = A [1...1

Taking account of (I11.3.14) in (I11.3.12) gives :

T

dQ, A'dpy
(111.3.15) = E :
%G PA

Denoting by VD the diagonal square matrix, the diagonal elements of
which are those of vector V :
dQy -1

(111.3.16) el E (PA)D

T

A" dP

R

Recalling that P; = [1...1] sthe matrix of the elasticities of Q; with
respect to PR is thus given by :

do dp )
(111.3.17) GSQ- / pEB - et A

Moreover, if we want the matrix of the elasticities of QR with
respect to PR’ taking account of Q‘J = [1 cen i] T and starting from
(ITI.3.16) gives :

1 dPp

-1
A
Pr

(111.3.18) dQ; = E (Pp)
D
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Taking account of (III.3.13) gives :

dQ dp ) )
(1I1.3.18) QEB / PEB = (A QA)Dl A E(PA)D1 AT

In addition, if we want the supply elasticity of QR with respect to
PJ, the price of the activities, then :

dg Py -1
(I11.3.19) o/ P - g AE
]

ITI - 4 : Application of the multiple output production function approach

The model just described presents many features of a Tinear programming
model. It relies mainly on the input/output coefficients. The effects of
technical progress can be investigated (through a modification of the
input/output matrix). Changes in credit policy, and in factor supply
conditions, can be investigated as well. At the same time, this model is
much simpler than a L.P model. The assumption of optimality of the
existing situation guarantees the identity between the "initial situation"
and the solution of the optimizing process. The main defect of the L.P
model is precisely not to provide this guarantee.

In particular, all effects such as the risk and uncertainty are
embodied into the coefficients of the production function, whereas they
must be incorporated explicitely in a linear programming analysis.

The necessity of making assumptions with respect to fixed factors
is not essentially different from the necessity.in linear programming, to
define a right hand side which expresses the fixity of certain past
decisions. The main difference is that, in linear programming, both the
right hand side and the technical coefficients of the matrix preyvent the

elasticities from being infinite, whereas the set of fixed coefficients
defined here play the same role in the present approach. Thus, this set of
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coefficients also expresses considerations pertaining to existing
techniques, and even to risk and uncertainty - in a way which, in many
respects, is similar to linear programming models with flexibility
constraints.

The main shortcoming of this approach is that the results are not
testable by comparing predictions to reality. This is ,admitedly,a severe
drawback .

The model was applied for estimating the milk supply elasticity with
respect to price in France and in Italy. For the latter, it is the only
recent source of information, in the absence of other model than that of
DE STEFANO and SCANDIZZO ,which is somewhat old. For the former it will
supplement informations already available, as described in chapter II of
the present report.

In addition, and since data were available for these countries in the
same conditions as for France and Italy, it was applied to Great-Britain,
Netherlands and Germany. The purpose of this exercise was not to overlap
the reports of other experts in charge of these countries. It was rather
to provide a basis of comparizon between estimates for France and Italy
on one hand, and the three other countries, on the other. Thus, if the
method which was used here were to be biased, an order of magnitude of this
bias could be evaluated, by comparing the results described here with
thoses which were obtained by the other experts for the three other
countries. It should be noticed, however, that the accuracy of the
computation is probably less good for Great-Britain (where no possibility
of regionalization existed)than for other countries.

a) - Sources of data

The data required by the model come from various sources.
Unfortunately, it was impossible to measure most of the key data which were
estimated on a judgmental and discussable basis.
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1) - The 1ist of inputs and associated parameters

The set S0 of the outputs defines the agricultural activities with

which any particular agricultural product will compete for the use of fixed
agricultural inputs. Clearly, the price supply elasticity of any
agricultural product will depend heavily upon SO. At the same time, S0

varies among the regions.

For instance, it is impossible to grow wine in Northern France, so that
wine production will be excluded from S0 in this region, while it has to be

included in SO in Southern France. For this reason, S0 has been defined for

various regions in each country, and the supply elasticity of milk is the
weighted average of all regional supply elasticjties. The weights used for
this computation are the milk production in each region, for, if q = & 9.

where r represent the region i,then :

ola
O
~
Q.

dp =:; .Eﬁ EEE / P .
P roq q, P

Table III.1 gives the list of countries and regions to which the preceeding
analysis has been applied, and the corresponding S, sets. The classification
of regions is discussable, as all classifications.” It has been made on a
Jjudgment basis. However, the judgment has been helped by various studies on
the regional typology of the EEC, especially RAINELLI (1978), JUDEZ and
VELASQUEZ (1979) BAILLET (1968) and THIEDE (1968).

Two parameters of the model a{e associated with each j : the elasticity
of substitution parameter o5 = , and the price pj - the latter being
1 4P,
J
in fact the share of j in the total output of all outputs belonging to the
same region.
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The parameter pj has been fixed on a judgmental basis at the value 1
for all j - thus °j = 0.5, the elasticity of substitution in agriculture
being small, but not negligible 1/.

The p.'s were estimated at the level of each region, using various data
among whict provisional data supplied by the DG 12 of the EEC and not yet
published. They are listed in table III.1. It should be noticed that the
significance of the p.'s is somewhat particular : For instance : the p.
associated with milk 9 production does not represent the share of milk J
production in the total output of a particular region, but the share of
milk, plus that of the meat production which is a byproduct of milk.
Similarly, the p; associated with meat reprensents only the share of the
pure meat produgtion of the total production. A large amount of judgment
intervene in the determination of these proportions.

2) - Data tied with inputs

The set E; of the inputs has been defined in the same way for each
region. Inputs”™ are broken down into 9 categories as indicated in Table
[11.2. This table also give the values of the parameters associated with
each input, some of which (especially the t.'s) are not independant of the
Xj;'S, since these data will be used in the computation of the share of
input commodities with a long liftspan in the total gross product of each
activity.

The t. coefficients have been chosen on the basis of usual accountancy
conventiond assuming that the existing set of inputs is amortized by half.

1/ For an additional justification of this value, see below the comments
of the sensitivity analysis of the results.
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The o coefficients have been chosen rather arbitrarily, although it is
Tikely that only the expenses on land, labour, and "others" can
represent an income for farmers.

Two sets of B. coefficients have been chosen, one for the short run,
one for the Tong run, on a judgment basis. Intermediate consumptions are
always infinitely elastic, Tand is always completely inelastic. But other
commodities are inelastic in the short run, and moderately elastic in the
Tong run.

The financing capital input raises a few special problems :

The supply elasticity of capital is difficult to measure. Various
values were tried. The most likely value (i.e., that which gives results
close from other estimates) is O in the short run, and 0.5 in the long run.
In effect, an increase in the demand for funds from agriculture does not
necessarily entail a rise in the funds supplied, nor a change in the rate
of interest, because these variables are determined by other mechanisms.
Perhaps, the correct way of coping with the difficulty would have been to
consider dK as exogenous. However, estimating the correct value of dK in
that context would have been even more difficult.

Finally, the A5; coefficients are crucial for the absolute magnitude
of the resulted presented here. Unfortunately, they are difficult to
estimate on solid grounds. Some reasonable order of magnitude can be
obtained however. Intermediate consumptions, labour and financing capital
can be shifted from one production to another instantaneously. Therefore,
the fixed share of these inputs is zero. Land can be reallocated to each
crop, but only partially. It has been assumed that 50 % of the land is fixed
in the "long run" and 75 % in the "short run". Machines can be fully
reallocated in the long run, but only 25 % of them have been assumed
"shiftable", in the short run. Cattle and trees are not reallocatable in the
short run, and are only partially reallocatable on the Tong run. Finaly, the
proportions 0 % and 50 % respectively,for the short run and the long run
have been estimated for "other" commodities.
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Thus, the Ai.'s are the same for all j, which is admittedly
discussable. TheyJ are given on table III.2 for the long run and short run.

Furthermore, since the values of the A;'s were obviously of the utmost
importance, a sensitivity test was performed.Thus table III.2 also give the
upper and Tower limits of the A vector used in this sensitivity analysis.

3) - The shares of inputs

The main source of information for the xj; was the EEC document on the
standard gross margins for agricultural produc% (GILES, 1975).This document
gives the gross product, the intermediate consumptions, the expenses for
machinery and specific buildings, and the number of working hours, for the
main crops in the EEC, in 1972. The expenses for machinery and buildings
have been broken down into expenses for machinery, and expenses for
buildings on a judgment basis and information on typical costs for specific
buildings. Expenses for land have been evaluated on the basis of a 3 % on
interest applied to the average value of land in 1972 for the considered
country. The value of cattle has been estimated using common prices for
cattle as recorded in the EEC statistical f?nsus, and assuming that a beef
last 3 years, and that a sow last 4 years =/ . Sources of information for
these computations have been, among other, AUKEMA and OVERGAAW (1976),
CHABRAT (1976), JONAS and FAASCH (1975) WILSON (1975), ADAMO (1976),
FEURSTEIN, DEAN, DE BENEDICTIS et al (1974) FILANGIERI (1970) EUROSTAT, etc.

The set of prices which has been used is given in Table III.3 below.

1/ There is some inconsistency between these considerations about the
life span of various types of cattle and the values of the ti's given
in Table II1.2. This is a consequence of the aggregation of each
category of cattle on only one input "cattle". The same difficulty
occurs with the aggregated input "trees". A slight overestimation of
elasticities may result from this aggregation.
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Since ther was not a one to one correspondance between the crops and
livestock enterprises described by GILES, and the categories of activities
such as "open field vegetables" or "horticulture" the x;; coefficients have
been estimated at the Tevel of each crop in GILES, and tgen the xjj's of
each category of activities have been computed as the weighted sum of these
crops-the weights being defined on the basis of the actual corresponding
production in the country or in the region (when known) in 1972. In
principle, it would have been desirable to use different sets of xjj
coefficients for different regions. This was not possible except, in a few
occasions ,for France and Italy, because, except for these countries ,GILES
does not indicate the regions where his data come from. Similarly, it was in
general impossible to make any distinction between types of farms, although
this would have been highly desirable. However, in some cases ,regional
differences between activities could be defined, mainly by changing the
weights used in the averaging of several crops or livestock activities as
described by GILES. For instance, the regional differences between the
activity "milk" in France stem from the fact that each region contains a
different proportion of "large" and "small" farms. The results of the
computation of matrices S for each region considered in this study are given
in annex A.

An additional shortcoming of the approach used here is that data
pertaining to some important crop and livestock activities were not
available.The activities used in this study renresent 80 to S0 % of the
agricultural production of each country.

4) - The share of meat in milk production

The w coefficient of equation III.3.11 foe each country are given in
Table III.3. They were estimated from various sources of information among
which GILES is the most important one. The value of milk production using
average farmgate prices was substracted from the gross product indicated in
GILES, in order to estimate the value of meat and of secondary productions,
such as veal. Here again, different estimates for different regions would
have been highly desirable. But Tack of data precluded such a refinement.
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The share of meat is obviously 1 - w.

b) - Preliminary results : sensitivity analysis

The major drawback of the approach is that the results can be sensitive
to the parameters which are the most difficult to estimate. A sensitivity
analysis was therefore needed. It was performed only on the data pertaining
to England - mostly for reasons associated with early availability. Tables
II1.5 and I11.6 give the results obtained for the milk supply elasticity in
England for various values of the most uncertain paramters, that is :

- the elasticity of substitution

- the labour supply elasticity with respect to price (for the long
run only, since in the short run labour is fixed).

- the capital supply elasticity

- the vector A of the fixed share

Clearly the estimation is extremely robust with respect to the labour
and capital supply elasticities. But it is extremely sensitive to the other
assumptions - especially, those pertaining to the x;'s. This is obviously a
serious shortcoming, since there are few objective ways of assessing
correct values for these data.

The same remark holds also for the p.'s values. Therefore, this method
cannot be considered as a reliable one, and cannot be used independantly
from more objective procedures. However, we are, in this study, confronted
with the problem of estimating at least one elasticity coefficient for Italy
a country in which there is no other reliable model. At the same time, it is
obvious, from the preceeding chapters, that the elasticity we are looking
for is extremely sensitive to the method of estimation. It is therefore
wishable to apply the same method to every countries in order to get
comparable results. Now, the method just described is suitable for such an
exercise, provided it could be calibrated, by fixing the unknown coefficient
at a value giving approximatively the same value as other methods whenever
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such other methods are available. This is in fact the only rational way of
choosing the values which have already been indicated for the Ai's and for
the pj's. Actually, the elasticities thus obtained are still relatively
high, and are probably slightly overestimated.

At the same time, it is interesting to notice that the method does not
preclude the existence of negative elasticities. In effect, such negative
values are obtained for extreme values of the parameters (low values of the
Ai's, high values of the capital supply elasticity). This may be explained
by the fact that, in such conditions, the prices of some inputs, such as
land, which are fixed at the sector level, but variable at the activity
level, may be deeply affected by the price of milk, thus making other
activities more profitable than milk. At the same time, these conditions are
unlikely to occur in reality. Thus, this result support the conclusion that,
under current conditions, the elasticity of the supply of milk with respect
to price is positive.

c) - Application of the method to selected countries in the EEC

Tables I1I.6 to III.10 give the results obtained with the most likely
assumptions, as defined previously.

Table III.6 gives the direct elasticities of response to price, for
milk, and for a few selected commodities, in order to compare the magnitude
of the milk elasticity with other supply elasticities. Milk is significantly
more elastic than cereals, but less than beef or poultry.

Table III.7 gives the percent changes in income, and in supply of other
commodities which will be induced by a 1 % rise of the price of milk in the
short run. Results differs widely among regions. Especially,for what concerns
income, it is striking to find that a 1 % increase in the price of milk .
would increase the income by almost 1 % in North  Netherlands and by 0.03 %
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TABLE III.5

£ /IT

Sensitivity analysis of the milk activity supply elasticity in the Tong run 1/

fixed shares

capital supply

Labour supply

elasticity of

value of milk

elasticity elasticity substitution elasticity 1/
0.01 1 1.07
0.5 0.53
0 i 1.07
2 0.5 0.53
upper value 501 7 E
| 0.5 0.53
1
1 1.08
2 0.5 0.53
1 3.41
0 0.01 0.5 1.71
1 3.41
medium value 2 0.5 1.71
1 3.48
1 0.01 0.5 1.76
1 3.48
2 0.5 1.76
1 17.7
0.01 0.5 8.8
0 1 17.7
Tower value 2 0.5 8.8
1 -51.04
0.01 0.5 - 5.3
1 1 -51.04
2 0.5 - 5.3

1/ See note 1 of Table III.4 above.
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in Southern Italy. Within the same country, it can vary to a large extent :
for instance, it is about 1 in Northern Netherlands and only 0.7 in Southern
Netherlands. Similarly, the same increase of the price of milk would
decrease the cereal supply by 0.2 % in Northern Italy, and by only 0.07 %

in Southern Italy. Potatoes and sheep appear to be the agricultural
commodities for which the cross elasticity with respect to the price of milk
is the highest.

Table III.8 gives the same information as table III.8 but for the long
run. The relative magnitude of the various items are the same for this table
as for the preceeding one, except perhaps for income. Nevertheless, North
Holland remains the regions for which the income effect of a change in the
price of milk is the highest and Southern Italian Plains, the lowest.

Table III.9 1indicates the percent changes in the price of fixed
factors which would be induced by a one percent increase in the price of
milk, in each region. These figures have the same general significance as
shadow prices in linear programming. Therefore, they cannot be compared with
market prices without caution : It is conspicuous that land prices tend to
decrease everywhere in response to a rise in the price of milk. The reason
is that milk production is on the average, less land intensive than
competing crops : thus, rising the price of milk would result in less land
requirement and consequently, in a lowering of land price. Conversely, milk
is relatively demanding in financing capital and in labor. Thus the price
of these commodities would tend to increase if the milk price increases
except for labor in Southern Italy.

Table III.10 gives, for the short run (long run results would have
been similar except that all elasticities would have been higher) the
percent increase of milk supply which would be induced by a one percent
increase of the price of selected agricultural commodities. These cross
elasticities are weak, in general, so that there are few grounds for
hopeing to be able to lower the supply of milk by increasing the price of
other commodities.
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Figures in these tables are subject to the restrictions already
pointed out, due to defects in data, and shortcomings of the method used.
They represent orders of magnitude, however, and are more accurate with
respect to their relative than to their absolute magnitudes. They could be

improved at the expenses of a very significant effort in terms of data
collection.
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CHAPTER IV

Recapitulation of results

A1l the results obtained in this study are summarized in table IV.1

Obviously, estimates of elasticities in various countries diverge
widely, although they are positive, except for the "modéle
historico-statistique" in France, in the special case of a price increase,
for the long run. This last result is due to the fact that milk supply is
in general negatively correlated with farmers income. Thus, raising the
income would tend to Tower milk supply, because it is more profitable to
invest benefits from milk production in other agricultural productions.
Since the "modéle historico-statistique” in the only one, in the set of
models examined here, which allows for this kind of resource allocation,
and since, in that case, the effect is striking, this fact must be taken
into consideration. At the same time, it is difficult to assess to what
extent the importance of the effect, as measured in this special model,
is only an artifact of this model, or whether it is something important in
reality. A comparison with other models would have been useful here.

Unfortunately, this is impossible within the framework of the present
study. In any case, if the results of the "modéle historico-statistique”
are accepted, the long run elasticity of milk supply with respect to a
price increase is practically zero, whereas it is very significantly
positive in the case of a price decrease.

Can we derive an overall estimate from these figures ? It is out of
question to take certain (possibility weighted) average values of each model
This would be meaningless. The only way to answer this question is to choose
one of the models, in view of its supposed better quality. This is a pure
matter of judgment, the basis for this judgment being assessment of the
overall quality of the elected model.
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TABLE 1V.1

Summary of results - Elasticity of milk supply with respect

to price
short run long run
for price for price
mode] Scope increasing | decreasing | increasing | decreasing
historico-
statistique, France 0.27 0.27 -0.44 +1.63
INRA
Simagri
Direction de | France - - 0.13 0.13
la Prévision
Aikens France 0.11 0.11 - -
Italy 0.59 0.59 - -
Netherlands 0.31 0.31 - -
Britain 0.20 0.20 - -
Germany 0.08 0.08 - -
Factor shares| France 0.52 0.52 1.87 1,87
INRA Ttaly 0.71 0.71 2.5 2.54
Netherlands 0.38 0.38 1.22 1.22
Britain 0.45 0.45 1.72 1.72
Germany 0.55 0.55 1.94 1.94
Cordonnier Cambridge-
shire - - - 1.06
Northern-
France - - - infinite
De Stefano France - - 0.943 0.943
Scandizzo Italy - - 0.774 0.774
Germany - - 1.802 1.802
Belgium - - 0.375 0.375
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Unfortunately, none of the models described here are free of reproaches.

The "mddéle historico-statistique" showed considerable discrepancies
between the results of the model and reality. Moreover, in this model,
manpower is exogenous. The effect on manpower of a lowering of price is
therefore disregarded.

The Simagri model is not testable. It behaved somewhat oddly in various
occasions. It is valuable only for the period 1972-1980.

The Aiekens model is a model of the milk sector only, whereas it is too
obvious that the supply elasticity of an agricultural commodity should rely
upon the examination of the whole agricultural sector.

The Cordonnier model was not tested.It disregard the manpower effect of
lowering incomes. It gives extremes results, which are hardly credible.

The De Stefano/Scandizzo model is not testable. Data are somewhat old,
and the study would have to be updated.

The factor share model is not testable. Data are discussable, a large
amount of judgment having been incorporated in them at the time of their
elaboration. The model is sensitive to various probable assumptions about
the most uncertain coefficients.

Nevertheless, this last model gives results which are probably under
reasonable assumptions. It has been calibrated by using results from other
models. It gives a large amount of information about cross elasticities. Its
results are comparable with that of other countries. The factor share
estimates will therefore, be retained here as "the most likely", although
is is clear that they are not precise.
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In any case, that the mere idea of supply elasticity with
respect to price is not extremely accurate. Nor are the notions of "long"
and "short" term in elasticity computations accurate. Thus, the figure
published here should not be considered with an illusory precision. The
main results are that, in all countries, and whatever the method, the
elasticity of milk supply with respect to price is positive in the short
as well in the long run. It is certainly higher than 1 in the Tong run
(5 years), and around 0.5 in the short run. It is relatively small for the
Netherlands, medium for France, Germany and the United Kingdom and
relatively high for Italy. There is a possibility of the response being
asymetric. In that case, it would be greater for a price decrease than for
a price increase.

Finaly, the elasticity of income with respect to the price of milk is
probably of the same order of magnitude as that of milk supply in the short
term, and probably significantly smaller in the long term.
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ANNEX B
List of the function NEL

This APL function performs the computations described in chapter 3.
The result R is the matrix R defined in equation (IIl.2.16), the parameter
X is the matrix with I rows and J columns of the xjj coefficients. The
function requires the initialization of the fol]ow}ng variables.

RJ : a vector of J elements containing the values of the p.'s of
equation (III.2.1). J

Sl’ 52’ 53, S4 : four vectors giving the row numbers of X corresponding
to the four sets Sl’ SZ’ S3, 54 defined after equation (III/2/3) for S, to
S, and equation (I11.3.5) for S4.

1

TI : a vector with I elements, giving the duration of each inputs, as
defined in equation (III.3.1).

ALPHA : a vector with I elements, giving the coefficients o, as
defined in equation (III.3.5) ALPHA k is a scalar, giving the same
information for capital.

BI : a vector with I elements, giving the coefficients B4 defined in
equation (III.1.4).

MC : a scalar giving the coefficient L defined in equation (III.3.6).
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BK : a scalar giving the supply elasticity of financing capital
defined in the comment of the equation (II1.3.3)