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O ver the recent 
years, consump­
tion patterns of 

livestock products have 
changed considerably in 
the European Union (EU). 
New dietary preferences 
have developed as a re­
sult of an increasing con­
sumer awareness of more 
health-oriented diets and 
less fat and calories in­
takes. Consequently, the 
consumption of certain 
livestock products has 
been seriously affected by 
this trend. Even the con­
sumption of milk and 
eggs -which are not the 
most "unhealthy" live­
stock products -has fol­
lowed a negative trend in 
the last decade. Problems 
related to salmonellas in­
fections from egg con­
sumption have caused a 
sensitivity on the behalf 
of the consumers and 
may explain the reduced 
consumption, while for 
milk the most apparent 
reasons are the declining 

ABSTRACf 

The livestock sector in the EU absorbs a large proportion of the CAP 
subsidies budget, while the consumption patterns of most livestock 
products have changed considerably in the last few years. In this study, 
two livestock products, namely eggs and milk, are examined in order to 
determine long and short run consumption and production relation­
ships. 
A model for the "normal" product determination is developed and esti­
mated using the cOintegration analysis and the Error Correction Models 
technique. 
Results indicate that there is a long-run equilibrium relationship be­
tween levels of output, per capita income and population, while the 
"normal" production is influenced by population and income, reflecting 
the size and the level of growth of the EU market, respectively. 
Population is the major determinant for both products, generating posi­
tive effects on the production of eggs and negative on the milk produc­
tion. 

RESUME 

Le secteur de /'elevage dans /'Union Europemle absorbe une grande pro­
portion des subve1lliotls budgetaires, alors que les modeles de consom­
mation pour la plupart des produits de /'elevages ont change consid­
erablement au cours de ces dernieres amlees. Dans ceUe etude, deux 
produits, notamme1ll les oeufs et le lait, sont examines pour determiner 
la consommation et les relations de production cl long et court terme. 
L 'auteur a developpe et estime un modele pour la determination .nor­
male- des produits en utilisant /'analyse de la CO-integration et la tech­
nique des Modeles de Correction des Erreurs. Les resultats indique1ll qu'i/ 
existe une relation d'equi/ibre cl long terme entre les niveaux de produc­
tion, le revenu par person ne et la population, tandis que la production 
<normale- est influe11Cee par la population et le revenu, en rej1echissant 
la taille et le niveau de croissance du marche de I 'Un ion Europeeenne, 
respectivement. La population est le determinant majeur pour les deux 
produits, et elle engendre des effets positifs sur la production des oeufs et 
des effets negatifs sur la production de lail. 

sion in the EU about re­
form of the Common 
Agricultural Policy (CAP) 
are endemic. A large por­
tion of agricultural in­
come in the EU countries 
is attributed directly to 
CAP subsidies. Several 
measures that have al­
ready been introduced in 
the dairy sector (milk 
quotas, co-responsibility 
of the farmers, etc.) have 
triggered disputes among 
Member States regarding 
the levels of subsidies. In 
addition, policy makers 
are debating on further 
reducing farm assistance 
programmes, particularly 
in the dairy sector. 
Within this context, and 
given the considerate mag­
nitude of CAP expendi­
tures for livestock prod­
ucts, especially for milk(1), 
it is worth examining both 
long run and short run re­
lationships for the produc­
tion and demand of such 
products, in order to assess 

number of infant births and the consumers' prefer­
ence for low fat milk. In general, European con­
sumers are becoming more "health" conscientious 
rather than price sensitive and this evidence could be 
constructed against the continued advance in living 
standards within the EU. On the supply side, discus-

the relative importance of 
certain key factors, such as income and market size, on 
the levels of production and consumption. 
Thus, the main objective of this paper is to analyse the 
production and consumption patterns of two livestock 
products, namely milk(2) and eggs so as to identify long 
and short run relationships between key variables. 
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(I) Milk output was estimated to account for 15.6% of final agricultural out­
put by using series in PurchaSing Power Parities, PPSs (OEeD, 1994). 
(2) Milk production is defined as the quantity of milk obtained through hu­
man milking, manual or mechanical (OEeD, 1994). 
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The co integration technique is employed for this purpose. 
The paper is organised as follows. In the next session, 
a brief descriptive overview of the EU market for the 
chosen products is provided, while the rationale for the 
model used is addressed in the third section. 
The methodology and the estimation procedures, as 
well as the empirical results are presented and dis­
cussed in the fourth sector. Finally, the concluding sec­
tion provides some summary comments on the major 
results and highlights certain policy implementations. 
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THE DIMENSIONS OF THE EU MARKET 
FOR EGGS AND MILK 

The EU has been self-sufficient both in eggs as well as 
in milk production, over the last twenty-five years, ex­
hibiting a rate of self-sufficiency ranging from 100 to 
102 percent and 100 to 104 percent, respectively (table 
1). The per capita availability ranged from 14.1 to 15.3 
kg/head/year for eggs, while for milk it ranged from 
310.7 to 362.2 kg/head/year. 
In table 2 the per capita availability of the products un­
der study in each EU Member State is depicted. It can 
be clearly seen, that while for eggs there is a certain ho­
mogeneity (with the exemption of Portugal), in the case 
of milk a wide diversity is existent. For instance, per 
capita milk availability for Portugal in 1992 was only 
169 kg/year, whereas the corresponding figure for Ire­
land is 1485 kg/year. In general, the Mediterranean 
countries (Portugal, Spain, Italy and Greece) exhibit the 
lowest figures, in contrast to the Northern countries, 
particularly Ireland, Denmark and the Netherlands. This 
evidence may also account for the large quantities of 
milk being stored by some North European countries as 
a result of excess production. 

THE "NORMAL" PRODuer DEFINITION 

The model used in this paper is the function of a "nor­
mal" product as developed by Chenery (1960) and 
modified by Katos (1980) which, when simplified for 
estimation purposes, can be reduced to give total do­
mestic production as a function of per capita income 
and population(3). The long run model used for estima­
tion is specified as follows: 

(1) 

where Q = production, j = products (E = eggs and M = 
milk), Y = per capita Gross Domestic Product in 1985 
PPS, P = Population and t refers to time. 
By expressing all variables in natural logarithms, the re­
sulting coefficients for income and population repre­
sent the "growth" and "size" elasticities, respectively. 
Hence, equation (1) incorporates both supply and de­
mand effects on egg and milk production in the EU. 
The levels of production and demand will vary with ris­
ing income (growth elasticities), and with growing do­
mestic market (size elasticities). In other words, an in­
crease in the per capita income in the EU will bring up­
on a variation in the production and demand. Similarly, 
a larger market size may affect production costs, selling 
prices and final demand of these products in the EU 
market. 

DATA AND EMPIRICAL ANALYSIS 

Cointegration and error correction techniques are used 
to estimate the long run and short run relationships be-
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Table 1 The EU market 01 eggs and milk. 

Year Total Total Per Capita Self 
Production Availability Availability Sufficiency 

(000 t) (000 t) (kg/head/year) Rate-(%) 

1970 4566,4 4524,8 14,112 100,92 
1975 4805,3 4788,4 14,554 100,35 

Eggs 1980 5164,7 5052,4 15,083 102,22 
1985 5262,9 5155,3 15,247 102,09 
1990 4963,7 4833,7 14,196 101,64 
1994 5075,8 4953,9t 14,195 102,46 

1970 101000 99646,4 310,781 101,358 
1975 108000 105937,5 321,994 101,947 

Milk 1980 122000 117513,3 350,817 103,818 
1985 127000 122488,8 362,263 103,683 
1990 121000 116220,3 337,823 104,112 
1994 115000 114695,5t 328,686 100,265 

Source: FAO Database accessible via WWW. 
I For 1994, availability VIas calculated according to the identity: Production + Import - Export % Stock 
Changes· (Production I Availabity) x 100. 

Table 2 Per capita availability 01 eggs and milk in EU countries 
(kg/head/year). 

Eggs Milk 

1970 1980 1992 1970 1980 1992 

Bel/Lux 14 14 13 394 372 295 
Denmark 13 14 17 827 918 743 
France 13 15 16 438 487 422 
Germany 16 17 14 364 396 324 
Greece 10 12 11 174 205 202 
Ireland 13 12 10 989 1.311 1.485 
Italy 11 12 12 188 218 228 
Netherlands 15 14 14 542 680 663 
Portugal 4 6 8 81 90 169 
Spain 13 17 16 168 179 171 
UK 16 14 11 233 276 244 
EU12 14 15 14 310 350 317 

Source: FAO Database accessible via WWW. 

tween the variables of the above function following the 
methodology suggested by Johansen (1988) and Jo­
hansen and Joselius (1990). In order to minimise possi­
ble sources of bias, resulting from the inclusion in the 
model of non-directly comparable data from different 
countries, Gross Domestic Product (GDP) data for the 
EU are used and expressed in Purchasing Power Pari­
ties (PPSs). 
The data employed in this study are annual observa­
tions for the sample period 1970 to 1994 for eggs and 
milk in the EU12 obtained by the FAO Statistical Data­
base. All variables were transformed to natural loga­
rithms prior to estimation and then a standard testing 
procedure was used which involves the following 
steps: First, Dickey-Fuller (DF) and Augmented Dickey­
Fuller (ADF) unit root tests are employed, to test 

(.I) Chenery (960) has shown that, from a production function Qj = Dj + ~i 
+ X. - M. (where Q. is production of commodity j, D is final consumption, W 
is i~terrriediate usage, X is exports and M is imports) it is possible to derive 
to a function where the only explanatory variables are income and size. 
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whether each variable is integrated of order one [1(1)], 
i.e. they are non-stationary at the level, yet they turn 
stationary when they are first differenced, which is a 
necessary condition for the existence of a cointegrating 
equation. Next, the variables are tested for a long-run 
cointegrated relationship. All equations and tests are es­
timated using Microfit 3.1 (Pesaran and Pesaran 1991). 
In table 3 results obtained from the unit root tests are 
presented. It can be seen that all variables are integrat­
ed of order one, hence they can be further examined 
for the existence (or not) of a eqUilibrium (cointegrat­
ed) relationship that keeps the variables involved in the 
function (1) bound together in the long-run. 
The results of the tests for cOintegration, derived from 
the Johansen technique are presented in table 4. They 
are based on the maximal eigenvalue test and the trace 
test of the stochastic matrix, used to determine the 
number of cOintegration vectors and to estimate the 
presented long run normalised coefficients, for the 
function (1) regarding eggs and milk market in the EU. 
In the case of eggs, the results strongly suggest that the 
variables are indeed cointegrated, being bound togeth­
er by one or more long-run equilibrium relationships, 
while in the case of milk, the hypothesis of the exis­
tence of a cointegrating equation can only be accepted 
at the 90% Significance level. 
Hence, there are two cointegrating vectors in the case of 
eggs production and one in the case of milk production. 
The analysis of the estimated long-run coefficients shows 
that population is the major determinant of the "normal" 
product given by function (1) for both products under 
study. In particular for milk production, population has a 
strong influence and is, surprisingly, of negative sign. 
Small rates of population growth and the resulting lim­
ited proportion of infants in the EU might be the key 
explanatory factor. 
Income on the other hand, has a completely different 
impact on each product: 
While for the milk market in the EU it affects the "nor­
mal" product positively, for the egg market it has a neg­
ative effect. 
In other words, as income in the EU increases, con­
sumers tend to reduce the consumption of eggs (possi­
bly due to dietary reasons) and purchase other products 
of higher perceived value and sharper image. 
The positive effect of income on milk can be attributed to 
the increased advertising and generic promotion expendi­
tures and the fact that some South European countries ex­
hibit relatively low rates of self-sufficiency in milk. 
Recalling the long run production model of equation 
(1), its specific functional form can be expressed as fol­
lows: 
Qr = A Pfl P'l (2) 

where (31 and (32 represent long run elasticities with re­
spect to population and income respectively and A is a 
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Table 3 Tests for unit root. 

DF Test ADF test 

LOE -1.9108 -2.2821 
LOM -2.3259 -2.5505 
LV -1.8108 -1.6062 
LP -2.5480 0.3414 

Ho Is that the variable In question is 1(1). Critical valUBS (95%) -2.9907 (OF). -2.997 (AOF). 

Table 4 COintegration tests for variables in function 1: Egg and milk 
production. 

Maximal Eigenvalue of the Stochastic Matrix 

Egg Milk Critical Values 
Production Production 

Ho LR LR 95% 900A> 

r=O 43,09** 20,71* 20,97 18,60 
r:s;l 16,95** 8,05 14,07 12,07 
r:s; 2 0,96 0,04 3,76 2,69 

Trace of the Stochastic Matrix 

r=O 60,99** 28,80* 29,68 26,78 
r:s;l 17,90** 8,09 15,41 13,32 
r:s; 2 0,96 0,04 3,76 2,69 

Estimated Co integrating Vectors (Coefficients normalised) 

Eggs Vector 2: LOE = -0.81326* LV + 1.3264* LP 
Milk Vector 1: LOM = 3.3459* LV -15.6041 * LP 

(0) (00) Rejection of Ho at 90% (95%) significance level. 

constant term. 
The natural logarithmic form of (2) can be written as: 

(3) 

where log A = (30' 
In order to incorporate the dynamics of production in 
different livestock product sectors, error correction 
models (ECMs) are next employed. By taking first order 
differences for equation (3), a standard short run ECM 
is produced, as shown by equation (4): 

where Ut is a disturbance term. 
Assuming that the ECM is correctly specified, Ut should 
be "white noise". 
The bracketed term refers to the error correction mech­
anism, that is included so as to correct errors experi­
enced in the previous time period. The value of y 3 indi­
cates both the direction as well as the magnitude of the 
adjustment mechanism for the ECM. A high absolute 
value for y 3 implies that a large proportion of modelling 
error encountered in the previous time period will be 
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rectified in the current period. As the absolute value for 
Y3 is less than unity, the resulting error in each succes­
sive period is systematically narrowed down until a sta­
ble equilibrium is ultimately achieved. Moreover, the 
sign of Y 3 indicates the relative relationship between 
normal estimations and actual production values. If a 
positive Y 3 is recorded, normal production figures are 
on average below the actual production ones and vice 
versa. 
Equation (4) can be rearranged in order to facilitate its 
estimation by the OLS procedure. In such a case it is 
written as: 

(5) 

The term (Qt-l - Q~t) is an error correction mecha­
nism which incorporates the differences (residuals) 
between estimated and actual production. The residu­
als from the "normal" production, derived to from the 
long run modelling procedure are used for this short 
run dynamic estimation. The ECMs are produced by 
using a Hendry-type estimation procedure (the so­
called testing down procedure) (Hendry 1993). This 
procedure involves placing all lagged variables into an 
initial equation for estimation and iteratively eliminat­
ing the most insignificant ones until only a set of sig­
nificant variables is left to capture the dynamic situa­
tion. Table 5 reports the final ECMs obtained for each 
livestock product under study. For the hen egg sector, 
income variables in the short-run, similarly to the long­
run model, produce negative effects on production, 
but are statistically insignificant. Hence, intuitively it 
can be argued that in the short-run, income does not 
significantly affect the level of production of eggs and 
therefore, it does not cause (in the Granger sense)(4) 
changes in the production level. Enlightening further 
the particular function of eggs, a few additional as­
pects should be stressed: The overall performance of 
the model is generally satisfactory, as indicated by the 
obtained results from all diagnostic tests. Therefore, if 
the income variables are dropped, the explanatory ef­
ficiency of the model will be greatly reduced. The test 
statistics for serial correlation (3.74) barely exceed the 
corresponding 95% critical value, indicating that serial 
correlation between explanatory and dependent vari­
ables cannot be rejected. Significant impacts for the 
population variables are recorded in t-2 and t-4 time 
periods, which indicate elastic responses with respect 
to population changes in different time periods. More­
over, the negative ECM variable that is obtained, sug­
gests that the estimated egg production (LQE

t
_ t) is 

greater than the actual egg production (LQE·
t
_ 1). The 

short-run model for the milk sector is fairly simple, 
since there is only one explanatory variable and an 
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ECM variable incorporated in the equation. Hence, it is 
not surprising that a rather low R2 value is obtained. 
Nevertheless, the explanatory variables are significant 
according to the corresponding t -statistics. The posi­
tive value of the ECM variable indicates that the pre­
dicted production (LQM

t
_ 1) is less than the actual pro-

duction (LQMo
t
_ t). However, it is worth noting that the 

population variable in the short run, differs from the 
one obtained in the long run, a fact which should be 
attributed to the lack of a relevant short run income ef­
fect, due to the absence of any income variables in this 
model. In general, the estimation parameters obtained 
by the short-run models differ from those provided by 
the corresponding long-run ones. A number of rea­
sons can be mentioned, such as the dynamic nature of 
the estimation method itself and the model's parame­
ters which are influenced by the error correction tech­
nique. Moreover, it should be stressed that all variables 
used are aggregate data. Indeed, the long run aggre­
gate market environment could be significantly altered 
by the implementation of new EU legislative measures 
and other mainstream agricultural policy changes. 
Hence, the long run estimations of the coefficients 
produce clearer indications of trends. On the other 
hand, the short run aggregative responses are more 
difficult to analyse, since many socio-economic factors 
(Le. local elections, structural employment, welfare is­
sues) and other agriculture specific factors (Le. weath­
er variations, movements of labour, transfers of farm­
ing capital and changes in agricultural land prices) 
may change at any time within different EU countries. 
Nevertheless, the interpretation of the modelling pro­
cedures employed in this paper is still noteworthy, as 
they provide some crucial benchmark values for the 
integrated community which can be used for mean­
ingful comparisons at the international level, especial­
ly with other major agricultural trading markets. Equal­
ly important, these findings can also facilitate the in­
vestigation of relative production efficiencies among 
different EU countries so as to identify national com­
parative advantages. 

CONCLUSIONS 

The livestock sector in the EU absorbs a large propor­
tion of the CAP subsidies budget and as the current EU 
agricultural policy aims at reducing the subsidies ex­
penditure, acrimonious disputes among individual 
Member States are generated. On the other hand, cer­
tain trends in consumer life-styles and consumption 
patterns have led to decreasing purchasing quantities of 

«) It should be noted, that Gr.tnger-causality does not imply "causality" in its 
strict sense, but r.tther "precedence" (In and Menon 1996). Within this con­
text, income changes appear not to proceed production changes. 
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Table 5 Empirical short run estimations on "normaf' quantities for eggs and milk produced In the EU. 

ALQEt = 1.706 - 0.353ALYt_l - 0.280ALYt_2 - 0.377ALYt_3 + 12.958ALPt_2 -13.353 ALPt-4 -O.276ECMt_1 

3.283' 1.609 1.007 1.393 2.122 2.212 3.315 

ALQMt = - 23.508 + 7.221ALPt_1 + 0.126ECMt_1 

3.874 2.973 3.873 

Statistics Eggs ECM equation Milk ECM equation 

R2 0.5986 0.47648 
F-test F(6.13) = 3.231 F(2.20) = 9.1016 

Serial Correlation x2 (1) = 3.7394 (0.053] tt x2 (1) = 0.78265 (0.376] 
Functional Form x2 (1) = 1.5067 (0.220] x2 (1) = 0.23952 (0.625] 

Normality x2 (2);; 0.9644 (0.617] x2 (2) ;; 0.2414 (0.886] 
Heteroscedastlcity x2 (1) ;; 0.1579 (0.691] x2 (1) ;; 0.47184 (0.492] 

tt-ratios 

some livestock products. In this study, two livestock 
products, namely eggs and milk were examined by em­
ploying the cointegration analysis and the ECM tech­
nique. Results implicitly indicate that in the long-run, 
their output, per capita income and population in the 
EU, are variables that have common trends and are 
bound together with an equilibrium relationship. While 
for the case of milk this is only weakly supported, in the 
case of eggs it is apparent from the results that the lev­
el of output is indeed bound together in long-term 
equilibrium relationships with the other two variables. 
This implies that despite certain deviations that may oc­
cur in the short-run, eVidently in the long-run their 
trend is related. The "normal" product in both markets 
is significantly determined by variables reflecting the 
level of growth (income) and the size of the market 
(population). Although the main determinant of the 
"normal" product is, in both cases, the population, its 
magnitude differs Significantly. Both explanatory vari­
ables, population and income, affect eggs production in 
the short-run, but only the former plays a significant 
role on the milk production in the short-run. The appli­
cation of the ECM suggests that in the short-run, income 
does not Significantly affect the production level of ei­
ther of the two products (Le. statistical inSignificance of 
the explanatory variables). On the other hand, it seems 
safe to argue that population does Granger-cause the 
output level, while the statistical significance of the 
lagged error correction term indicates that the level of 
output is endogenously adjusted in the short-run to its 
long-term equilibrium relationship with the other coin­
tegrating variables (Masih and Masih 1996). Finally, in 
the case of eggs, the negative ECM variable that is ob­
tained, suggests that the predicted egg production is 
greater than the actual, while the opposite holds in the 
case of milk. The variability of livestock production, 
such as the products under study, is strongly associated 
with the biological nature of the production. Agricultur-

tt Significance levels 
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al policy authorities could improve their decision-mak­
ing environment taking into account the estimates of 
this paper. For example, the observation obtained, that 
the major determinant of the "normal product" is the 
population, may explain the excess growth of milk pro­
duction volumes, particularly in northern Europe. By 
contrast, south European countries do not possess this 
glaring feature, a fact which exacerbates debate. Hence, 
a reallocation of the EU subSidy budget in favour of the 
south European countries could trim and make more 
efficient the agricultural policy of the EU. 
Still, we think that further investigation of the eggs and 
milk markets, both at the EU level as well as at individ­
ual countries, will reveal additional useful information 
for agricultural policy makers. • 
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