-ISSN 0044-1600

bissn2se2aa5s  Problems of Agricultural Economics

www.zer.waw.pl 3(352) 2017, 19-40
Translation from Polish

ZBIGNIEW GOEAS DOI: 10.5604/00441600.1245843

University of Life Sciences

Poznan

DETERMINANTS OF MILK PRODUCTION PROFITABILITY
OF DAIRY FARMS IN THE EU MEMBER STATES

Abstract

The article presents analysis of determinants of milk production profit
margin on dairy farms. The research focuses on farms in the EU Member
States and is based on statistical data coming from the European Commis-
sion’s Dairy Farm Reports for 2007-2013. Milk production margin was ana-
lysed on the basis of detailed accounts of income and expenses that allowed
to conduct multifaceted evaluation of farms’ ability to generate income from
milk production measured by gross and net margin. Furthermore, the panel
data regressions models were applied in order to identify intensity and di-
rection of chosen technological and economic, price and cost characteris-
tics’ influence on milk production margin. The size of forage area, herd size,
cows’ milk yield, milk prices and energy and salary costs should be consid-
ered, in the light of panel regression parameters, as most influential factors.

Keywords: profit margin of milk production, dairy farms, the EU countries, panel
data regression models.
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Introduction

The profitability of farms, understood as their ability to generate profits, is de-
termined by a number of financial, property and macroeconomic factors, as well
as by structural sectoral determinants and their individual technological and eco-
nomic characteristics. The study on the factors affecting the margin of farms is
important for many reasons. Firstly, it constitutes a basis for ex-post assessment
of the rationality of agricultural producers’ decisions, secondly, is an important
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guideline to improve agricultural policy tools, thirdly, it is important for main-

taining the continuity of pursued agricultural activity. It is also worth stressing

that the accumulation of profit is the primary and most important source of capi-
tal growth and the margin level is a synthetic indicator of the financial situation,
which fundamentally affects the assessment of the farms’ competitive capacity
and thus — their capacity to continue their operations and development prospects.

The objective of the studies presented in this paper is to analyse the diversi-
fication and determinants of the production margin in specialised dairy farms of
the European Union countries. The study on the production margin of this type
of farms, in addition to educational and utilitarian values, is justified by the fol-
lowing reasons:

— income from milk production in the EU-28 exceeding EUR 51 billion ac-
counts for around 32% of the total livestock production income and around
14% of total agricultural production income';

— specialised milk production is conducted in the EU by more than 572 thou-
sand farms, i.e. 5.3% of all farms (Farm structure survey, 2013);

— specialised dairy farms pursue their activity on the area of approx. 20 million
ha, i.e. around 11% of agricultural land used in the EU (Farm structure...,
2013);

— specialised dairy farms employ nearly one million people (AWU), i.e. around
11% of total employment in agriculture (Farm structure..., 2013);

— economic and financial situation of specialised dairy farms in the individual
EU countries is strongly diversified and generally unstable.

Source materials and research methods

The source material for the studies consisted of periodical reports on eco-
nomic and financial situation of the dairy farm sector in the EU — EU Dairy
Farms Report (EU Dairy..., 2016). These reports contain detailed information
presented as technological and economic as well as financial parameters of spe-
cialised dairy farms, which is collected as part of the accounting system — Farm
Accountancy Data Network. The analysis of the entire EU dairy sector used the
statistical data for the years 2007-2013, while the comparative analysis of the
EU countries was limited to the last published complete data for 20132. In both
analytical overviews, farms were analysed in the context of their production
capacity and milk production margin. The following factors were adopted as
major determinants of production capacity: forage area and its productivity, size
of herds, cows’ milk yield and employment. In turn, the milk production margin
account has been used to analyse the determinants of net and gross margin level,

! Average values from the years 2007-2016 estimated based on: Economic Accounts for Agriculture,
http:// appsso.eurostat.ec.europa.eu, accessed on: 15.04.2017.

2 Currently, the full data in the EU countries is available only until 2013 while for 2014 and 2015 only
preliminary results for the EU as a whole were published.
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resulting from differences in the level of milk prices and from differences in
the level of unit direct costs, farming overheads, depreciation costs and costs of
internal factors.

In addition, the paper attempts to model the variability of the margin level.
Panel regression methods were applied to determine the factors affecting the
milk production margin (net and gross). These methods allow to carry out a si-
multaneous analysis of a phenomenon in many dimensions (e.g. time, object,
space), to identify specificity of the analysed objects, increase the heterogeneity
of the studied objects, provide greater efficiency of estimates, and allow to iden-
tify the impact of unobservable variables or effects (Kufel, 2007; Wooldridge,
2002; Greene, 2003; Verbeek, 2004; Baltagi, 2005).

In constructing the panel models, two types of estimators have been used —
fixed effects estimator and random effects estimator. The validity of applying
panel regression has been verified based on the Breusch-Pagan test, while the
analytical form of the model, i.e. fixed or random effects, has been selected
based on the Hausman test (Kufel, 2007; Czyzewski and Staniszewski, 2016;
Gruszczynski, 2002; Geise, 2013; Franc-Dabrowska, 2009).

Basic economic and technical parameters and milk production margin
in the EU countries in the years 2007-2013

Table 1 shows average levels of the main characteristics of EU farms spe-
cialised in the milk production in the years 2007-2013. Their analysis shows
that in general the EU dairy farms recorded a relatively marked increase in the
size of cow herds, forage area and milk production. Over the analysed peri-
od, the average number of cows increased, on an annual average, by 2.9% and
in 2013 (28 LU), in relation to 2007 (23.1 LU), it was higher by more than
20%. The annual average growth rate (2.8%) of forage area was comparable
to the growth rate of the number of cows. Consequently, the number of cows
per unit of forage area, and thus forage area per 1 cow were virtually constant
over the analysed period (1.0-1.1 LU/ha and 0.94-0.97 ha/LU). The presented
data (Table 1) also shows that development of production capacity of the dairy
farm sector was strongly linked with an increase in their productivity. Over the
analysed period, a significant increase was recorded in the average milk yield
(from around 6,500 to more than 6,800 kg), forage area productivity (from 6.6
to more than 7 tonnes of milk/ha) and, most importantly, labour productivity
(from about 80 to more than 110 tonnes of milk/AWU). It is worth stressing
that while milk yield and forage area productivity grew at a comparable rate
(0.8-0.9%), labour productivity increased by as much as 5.8% on an annual aver-
age. Such a significant increase in labour productivity resulted mainly from
increased milk production volume, and, although to a relatively lower extent,
from reduced labour inputs.
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Table 1
Basic technological and economic characteristics of the dairy farm sector
in the European Union in the years 2007-2013
Specification 2007 2008 2009 2010 2011 2012 2013 A!
Number of cows (LU) 231 237 265 294 296 280 276 2.9
Forage area (ha) 223 229 248 284 28,6 268 263 2.8
Total milk production 150 154 174 199 205 191 188 3.8
Number of employees (AWU) 19 1.9 19 1.8 1.8 1.7 1.7 20
?ﬁ;ﬁgg‘;‘}“&ﬁf}ha offoragearcy 66 66 69 69 70 70 71 09
Milk production 6498 6480 6566 6770 6918 6825 6819 0.8
5ag’f°;riﬁ’(r/fv‘;%“)vlty 789 811 916 1106 1139 1124 1106 58

A' — average annual rate of changes in %.
Source: EU Dairy Farms Report based on 2013 FADN data (2016).

However, over the analysed period the increase in the production capacity and
productivity of dairy farms did not translate into positive changes in the margin
measured by gross and net profit (Table 2). Although in the years 2007-2013, the
milk production margin was subject to multidirectional changes, it generally fol-
lowed a negative trend, mainly as a result of the much faster rise in production
costs rather than in milk prices. Despite a significant decline in 2009, milk prices
in the EU, on an annual average, rose by approx. 2% and in 2013 reached their
peak value in the analysed period (EUR 379.8/tonne). However, the growth rate
of unit direct costs (on average, by 4.5%) and farming overheads (on average,
3%) was much higher, which translated into a nearly 4% growth in operating
costs, on an annual average. This was caused largely by a rise in the costs of
feed (especially purchased feed) and energy costs. Despite the relatively constant
share of total feed in direct costs (about 80%), their level per unit of production
increased, on an annual average, by 4.9%, and that of purchased feed even by
6%, 1.e. respectively, by 2.5-and 3 times faster than the milk prices. In turn, given
the energy costs, we may observe that they also increasingly negatively affected
the milk production margin. In the analysed years, the energy costs per tonne of
milk were rising, on an annual average, by almost 5% and their share in farming
overheads increased from approx. 23% to almost 27%. The trends resulted in
a quite strong variability of the average gross margin with and without aid. Over
the analysed period, the gross margin level ranged from EUR 141.7-143.9 (2007)
to EUR 89.3-91.5 per tonne (2009). In addition, in the light of the growth rate
indexes, the changes in the gross margin outlined a not too strong, but negative
trend in the changes. In the years 2007-2013, unit gross profit (EUR/tonne) de-
creased, on an annual average, by 0.9% (without aid) and 0.7% (with aid).
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Table 2
Milk prices, costs and gross and net milk production margin in the European Union
(EU-28) in the years 2007-2013 (EUR/t)

Specification 2007 2008 2009 2010 2011 2012 2013 A
Income (EUR/t)

Basicmilkprice 3372 338, 2794 3218 3845 3410 3798 20
Special aid 0,1 0.1 0.1 1.0 1.0 1.0 1.1 453
National aid 2,1 23 23 23 24 2.5 2.7 44
Milk price with aid 3394 3405 3405 325.1 3519 3446 3835 2.1

"""""""""""""""""""" Production costs BUR®)

Direct costs, including: | 1179 1292 1142 1209 1341 1479 1532 45
- total feed 933 1032 899 950 107.1 1195 1243 49

- home-grown feed 295 319 277 285 308 335 341 24

- purchased feed 638 713 622 665 764 860 903 60
Farming overheads, including: 776 829 758 816 85 866 927 30
- machinery and building upkeep 192 202 179 197 199 195 212 1.7
- energy (fuel, electricity) 184 206 180 202 224 231 244 48
- costs of contract work 164 180 166 171 179 187 203 36
Operating costs 1955 212.1 1900 2025 219.6 2345 2459 39
Gross profit 1417 1260 893 1193 1289 1065 1339 -09
Gross profit with aid 1439 1284 915 1226 1323 1100 1376 -0.7
Depreciation 448 474 459 480 477 485 519 25
Costs of external factors 39.8 425 407 412 416 409 428 12
- salaries 139 146 148 154 161 158 173 38
- rent 130 125 124 128 128 128 136 0.7
- interest 129 154 135 130 127 123 119 -14
Net profit 57.1 36.1 28 300 396 171 392 -6.1
Net profit with aid 593 385 50 333 430 206 429 52

A' — average annual rate of changes in %.
Source: EU Dairy Farms Report based on 2013 FADN data (2016).
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Fig. 1. Changes in prices, production costs and milk production margin in the EU in the years
2007-2013 (EUR/).

Source: own study.

In turn, taking into account other costs of the margin account, we may notice
that their growth with the decreasing gross margin in general led to a signifi-
cant reduction in net profit. Over the analysed period, the depreciation costs
per tonne of milk rose, on an annual average, by 2.5%, and the costs of external
factors — by 1.2% (including the costs of salaries by as much as 3.8%). Those
trends led to a strong reduction of the net margin. With the great variability in
the individual years of the analysed period, on an annual average, unit net profit
without aid decreased by 6.1%, and with aid by 5.2%.

Differentiation of the basic technological and economic parameters
and the milk production margin in the EU countries

The above presented technological and economic characteristics of the sec-
tor of farms specialised in the milk production reflect their average level in the
EU, and thus do not reflect the enormous differences that exist among the in-
dividual countries. These differences have a number of sources and apart from
the historical and socio-political context they result largely from natural re-
sources held (climate, natural pastures), state of technical infrastructure, tech-
nological advancement, production scale and market orientation (Parzonko,
2013; Zigtara, 2003).

The degree of diversification among the basic technological and economic
parameters of dairy farms in the EU countries is reflected by the data contained
in Table 3 and in Figures 2-5. On a basis of the latest complete data from 2013
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and the variability index, it can be said that they differ particularly strongly
in terms of the forage area (V=182.5%), labour resources (V=168.6%), forage
area productivity (V=133.1%), strongly in terms of the milk production volume
(V=92.3%), number of cows (V=90,3%) and labour productivity (V=81.9%),
while relatively less in terms of the share of rented land (V=40.8%) and cows’
milk yield (V=21.5%).
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Fig. 2. Average number of cows (LU/farm) in dairy farms of the EU countries in 2013.

Source: own study.
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Fig. 3. Average cows’ milk yield (kg) in dairy farms of the EU countries in 2013.

Source: own study.
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Fig. 4. Average milk production (tonnes/farm) in dairy farms of the EU countries in 2013.

Source: own study.
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Fig.5. Average labour productivity (t/AWU) in dairy farms of the EU countries in 2013.

Source: own study.

In terms of the average number of cows per farm, the largest production po-
tential is attributed to farms in Slovakia (240 LU), Denmark (147 LU), the Czech
Republic (139 LU) and the United Kingdom (123 LU), where the size of herds
was larger than average by as many as 4.5-8.7 times. In turn, the lowest degree
of herd concentration was characteristic mostly of farms in Romania (3.6 LU), as
well as in Croatia (12.2 LU), Lithuania (13.1 LU) and Latvia (15.9 LU), Poland
(159 LU), Slovenia (16.4) and Austria (16.7 LU). In farms in these countries, the
size of cow herds was lower than, on average, in the EU by 47-80%.

In general, dairy farms are largely differentiated by the size of the forage area
(ha) and milk production (t) and the number of the employed (AWU). The cor-
relation between the number of cows and the forage area, milk production and
labour inputs is, in fact, strong and amounts to, respectively: R=0.85; R=0.98;
R=0.79. However, much weaker relations are noticeable in the case of compar-
ing the stocking density of cows with the basic productivity indices. The coef-
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ficients of correlation between the number of cows and the forage area produc-
tivity (R=-0,003), milk yield (R=0.424) and labour productivity (R=0.405) are
significantly lower or even statistically insignificant.

Table 3

Basic technological and economic characteristics of farms specialised in the milk
production in the European Union countries in 2013

Number Forage  Milk Number Milk Milk Labour
Countries of cows area production en?flt:ee d pr((i;illlacg;)n (lz 1elcér productivity
(LU) (ha)  (t/ farm) (ApWI}}) forage area) c%vli) (YAWU)
Belgium 58.2 46.4 406 1.8 8.8 6,989 225.6
Denmark 1470 1055 1,305 25 122 8,879 522.0
Germany 56.9 524 436 2.1 8.3 7,674 207.6
Spain 454 244 323 1.7 12.5 7,102 190.0
France 53.8 70.9 372 19 52 6911 195.8
Ireland 61.2 56.1 329 1.6 59 5,369 205.6
Italy 448 214 302 19 13.6 6,738 158.9
Luxembourg 54.7 744 387 1.8 5.2 7,071 2150
Netherlands 84.5 48.5 667 1.7 13.8 7,900 3924
Austria 16.7 28.2 112 1.6 40 6,692 70.0
Portugal 27.7 17.3 200 1.7 11.5 7,202 117.6
Finland 29.1 37.7 252 20 6.7 8,683 126.0
Sweden 65.8 90.6 567 22 6.3 8,619 257.7
United Kingdom 1232 103.6 904 2.7 8.7 7,341 334.8
Czech Republic 1389 257.6 982 15.8 38 7,073 62.2
Estonia 89.8 177.7 721 5.7 4.1 8,026 126.5
Hungary 359 440 243 34 53 6,749 71.5
Lithuania 13.1 272 74 19 27 5,665 38.9
Latvia 159 40.7 93 2.1 23 5,857 443
Malta 542 39 359 24 66.8 6,619 149.6
Poland 159 13.0 85 19 6.6 5,358 447
Slovakia 2404 7919 1,519 339 19 6,318 448
Slovenia 16.4 153 87 19 5.7 5,280 458
Bulgaria 13.8 8.5 44 22 43 3,188 200
Romania 3.6 2.6 12 1.1 3.6 3,405 109
Croatia 122 104 57 22 54 4,638 259
V! (%) 90.3 182.5 923 168.6 133.1 21.5 81.9

V! — variability coefficient in %.
Source: EU Dairy Farms Report based on 2013 FADN data (2016).
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The extremely high forage area productivity was obtained by farms in Mal-
ta (66.8 t/ha), and relatively high (11.5-13.8 t/ha), when compared to the EU
average (7.1 t/ha) also by Danish, Spanish, Italian, Dutch and Portuguese farms.
A common feature of farms in these countries is a relatively small forage area per
cow which in Malta is only 0.07 ha/LU, and in other countries 0.5-0.7 ha/LU.
Such ratios result from the cattle feeding system, largely based on purchased feed,
which, with the large size of herds and their milk yield (6,619-8,879 kg) translates
into high forage area productivity. In the vast majority of other countries (except
Belgium, Germany and the United Kingdom), the forage area productivity was
clearly lower than the average (7.1 t/ha) and was generally associated with the
higher ratio of this area to the number of cows, with strongly diversified milk
yield. The particularly low milk yield from 1 ha of forage area was recorded in
Slovakia (1.9 t/ha), Lithuania (2.7 t/ha) and Latvia (2.3 t/ha). In these countries,
the forage area per 1 cow is, however, clearly larger (2.1-3.3 ha/LLU) and results
from the feeding system based mainly on home-grown feed. In addition, the low
forage area productivity is in their case related to the lower than average cows’
milk yield (5,665-6,318 kg).

As mentioned previously, dairy farms vary to the relatively lowest extent in
terms of the cows’ milk yield (V=21.5%). Nevertheless, clear differences are
visible also in this regard, especially if we take into account the extreme values.
Particularly positive results in these terms are recorded by farms in Denmark
(8,879 kg), Finland (8,683 kg) and Sweden (8,619 kg), where milk yield was
26-30% higher than the average. The relatively high milk yield is also charac-
teristic of farms in Estonia (8,026 kg), the Netherlands (7,900 kg) and Germany
(7,674 kg), where the amount of milk obtained from 1 cow was 13-17% higher
than the EU average. In turn, the poorest results were definitely obtained in Bul-
garia (3,188 kg) and Romania (3,405 kg), where milk yield represented less than
50% of the EU average. The relatively low cows’ milk yield is also characteristic
of farms in Croatia, Slovenia, Poland and Ireland, where the amount of milk in
kg obtained from 1 cow was 22-33% lower than the average.

Dairy farms in the EU countries strongly (V=81.9%) differ also in terms of
labour productivity (t/AWU). Its lowest level was recorded mainly in the new
Member States (except for Estonia), especially in Croatia, Romania and Bul-
garia, where the labour productivity was only 10-20% of the EU average. In this
regard, farms in Lithuania, Latvia, Slovakia, Poland and Slovenia also come
off negatively. In their case, labour productivity was lower than the average
by as much as 60-65%. Compared to farms of the new Member States, labour
productivity in the old EU countries is strikingly different. In 2013 (except for
Austria), labour productivity in those countries was significantly higher than the
average, and in some countries even several-fold. A particularly high labour pro-
ductivity (t/AWU) is characteristic for Danish, Dutch and British farms, where
the amount of milk per one annual work unit was, respectively: 552, 392 and

3(352) 2017



Determinants of milk production profitability of dairy farms in the EU Member States 29

335 tonnes. These values indicate that labour productivity in those countries is
3.0-4.7 times higher than the average. The high efficiency of labour resources
was also recorded in Belgium and Sweden, where in relation to the average
values, milk production in t/AWU was higher by 104% and 133%, respectively.

Table 4 shows the basic items in the milk production margin account in farms
of the EU countries. The starting point of the presented account is income?
(EUR/t) from milk production, which, in the light of the variability index, gener-
ally did not show any significant differences (V=14.4%). However, given their
average level in the EU which amounted to EUR 383/t (Table 2), they were lower
in most countries (19). A relatively high income (EUR/t) from milk production
was achieved by farms in Germany (EUR 400/t), Denmark (EUR 404/t), Sweden
(EUR 419/t), the Netherlands (EUR 431/t) and Italy (EUR 449/t), and particu-
larly high (higher than the average by 30-36%) by farms in Malta (EUR 498/t)
and Finland (EUR 524/t)*. The situation in this regard was much less favour-
able in most new EU countries, especially in Lithuania (EUR 305/t), Poland
(EUR 308/t) and Romania (EUR 327/t), where milk prices with aid were lower
than the average by about 20%.

Direct unit cost (V=28.8%), determined mainly by the costs of feed
(V=33.4%), diversify dairy farms in the EU countries more strongly than the
milk prices. In addition, from the data contained in Table 4 it results basically
that the rise in the total unit costs of feed entails a change in their structure to the
benefit of the higher share of purchased feed. The highest direct costs (EUR/t)
were characteristic of farms in Malta (EUR 336/t), and their high level (EUR
185-193/t) has also been recorded in Sweden, Finland, Slovakia, Hungary and
Spain. In those countries (except for Slovakia), the high total unit level of the
costs of feed corresponded to the high unit costs of purchased feed. In the case
of Malta and Spain, where home-grown feed was of marginal significance, pur-
chased feed accounted for as much as 93-99% of the total value of feed, while
in Sweden, Finland and Hungary this percentage was 67-69%. Feed costs had
the relatively lowest impact on income from milk production in farms in Roma-
nia (EUR 58/t) and Lithuania (EUR 80/t). In these countries, rearing of dairy
cattle was, however, based more on home-grown feed (56-60%), and less on
purchased feed (40-44%).

3 Income from milk production is composed of the basic price, national aid and related payments.

4 High income from milk production (EUR/t) in Finland results both from the high basic milk price (EUR
441/t), and from special aid (EUR 3/t) and national aid of up to EUR 80/t. In 2013, national aid for milk
also played an important role in Portugal (EUR 18/t), Hungary (EUR 26/t), Latvia (EUR 24/t), Slovakia
(EUR 15/t), Bulgaria (EUR 24/t) and Croatia (EUR 19/t).
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Another source of costs included in the analysis of the milk production mar-
gin are farming overheads. These costs quite strongly diversified the analysed
community (V=35.5%), their level varied in a wide range from 50-62 EUR/t in
Portugal, Spain, Poland, Malta, Romania, Ireland and the United Kingdom to
120-191 EUR/t in France, Czech Republic, Finland and Slovakia. In addition,
the data presented shows that such significant disparities are strongly associated
with the level of unit energy costs, which in the vast majority of the countries
(18) affected the total farming overheads to a very high extent.

Direct costs and farming overheads determine the level of operating costs
of milk production. In 2013, unit operating costs (EUR/t) did not diversify
strongly dairy farms of the EU countries (V=22.7%). However, given the ex-
treme values (Table 4), we may observe that in Romania (EUR 123/t), Lithua-
nia (EUR 164/t) and Poland (EUR 179/t), the costs were significantly lower
than the average (EUR 246/t), while on farms in Slovakia (EUR 321/t), Finland
(EUR 378/t) and Malta (EUR 396/t) they were much higher and exceeded their
average EU level by 30-61%.

In turn, more strongly than the operating costs dairy farms are diversified
by the gross margin level (V=32.1%) determined by the unit milk price surplus
(EUR/t) over the unit operating costs (EUR/t). However, the “ranking” of farms
by gross margin is not fully consistent with their distribution by unit operating
costs and results largely from the differences in milk prices. For example, in 2013
the lowest margin was characteristic of farms in Slovakia (EUR 32/t) which with
very high operating costs (EUR 321/t) achieved the milk prices (EUR 353/t) at
the level by about 10% lower than on average in the EU. The very high operating
costs (EUR 378/t) are, however, also characteristic of farms in Finland. However,
as aresult of high national aid (EUR 80/t) Finnish farms achieved the highest unit
income from milk production (EUR 524/t) in the EU, which significantly made
up for their high operating costs and translated into the milk production margin
(EUR 146/t) which was higher than on average. We should also pay attention to
farms in Romania and Italy, which in 2013 year reached the highest and compa-
rable gross margin level (EUR 204 and 218/t) and which basically differ (Table
4) in terms of herd sizes, cows’ milk yield, feeding system, forage area productiv-
ity and labour productivity. The high milk production margin in these countries
results from the different ratios of the operating costs to the milk prices. In Ro-
mania, the unit operating costs were only EUR 123/, 1.e. they were lower than on
average by as much as 50%, while the milk prices were at the level of EUR 327/t,
i.e. by about 15% lower than on average in the EU. In turn, in Italy the level of the
unit operating costs (EUR 232/t) differed little from the EU average. However,
the milk price (EUR 449/t) achieved by Italian farms was relatively very high, as
the higher prices were recorded only in Finland and Malta.

Despite the aforementioned differences based on the correlation analysis we
may indicate a number of statistically significant and largely obvious relations
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between the margin and the above analysed elements of the account. In the light
of the correlation analysis, the gross margin (EUR/t) is positively correlated
with milk prices (R=0.300) and negatively with the cost components of the ac-
count, most strongly with the unit costs of home-grown feed (R=-0.416), unit
energy costs (R=-0.641) and total unit operating costs (R=-0.420).
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Fig. 6. Average gross margin (EUR/t) of milk production on dairy farms in the EU countries
in 2013.

Source: own study.

Including the depreciation costs and the costs of external factors into the
milk production margin account leads to estimating the net margin. The value
of the variability index amounting to as much as 265% indicates clearly that the
level of this margin category was very strongly diversified in the EU countries,
several times more than that of the gross margin (32.1%). The scale of dispari-
ties in this regards is clearly shown by the data contained in Table 4. The analy-
sis shows that in 2013 nine countries recorded a negative net margin level, in
three countries it was close to zero, and in fourteen it was positive, but within
a very wide range. The inability to generate profits was characteristic of farms
in Slovakia, Czech Republic, Hungary and Estonia. On average, 1 tonne of milk
produced in those farms generated a net loss between EUR 31 (Estonia) and
EUR 165 (Slovakia). We can also talk about the inability to generate profits with
reference to farms in Luxembourg, Denmark and France.

Although in their case no losses have been recorded, the average net margin
level was close to zero. In turn, the positive net margin involves a strong diver-
sification of its level. In Bulgaria, Germany, Croatia and Lithuania, 1 tonne of
milk yielded a net profit of EUR 31-49, while in Italy and Romania, a net profit
was as many as EUR 145-1501/t.
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In the light of the correlation analysis, the net margin in 2013 was strongly
correlated with the costs of external factors (R=-0,762), and much less with the
depreciation costs (R=-0.286). A strong and negative relation between the net
margin and the costs of external factors results largely from the costs of wages
(R=-0.763). Those costs particularly strongly affected the net margin in Czech
Republic, Estonia, Hungary and Slovakia, where the milk production was con-
ducted using significant paid employment resources. On farms in these coun-
tries, the costs of wages accounted for as much as 72-87% of the value of the
costs of external factors, while the EU average was about 40%.
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Fig. 7. Average net margin level (EUR/t) of the milk production on dairy farms of the EU co-
untries in 2013.

Source: own study.

Panel models of the milk production margin

The above-presented technological and economic, price and cost parameters
as well as their interrelations indicated, on the one hand, the strong diversifica-
tion of their level on dairy farms of the EU countries and on the other — a number
of cause-and-effect relations. In order to identify the strength and direction of
the impact of these parameters on the milk production margin, the parameters
of the panel regression models have been developed. In building the models, the
data from the EU Dairy Farms Reports for 25 EU countries (without Croatia,
Cyprus and Greece)’ for 2007-2013 was used (175 observations in a seven-year
time series). In selecting the explanatory variables, the availability of the data
and studies conducted by other authors were followed (cf: Manko, 2007; Par-
zonko, 2013; Sass, 2004; Wojcik, 2010; Zietara, 2003, 2010).

5 The data for Cyprus and Greece is not published due to a sample too small (less than 15 farms), while
the data for Croatia is available only for 2013.
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Table 5 describes the parameters of the panel regression models for the milk
production margin, in which the explained variable (Y) is the gross margin
index (gross profit/income from milk production in %) while the explanatory
variables are: X, — forage area (ha), X, — number of cows (LU), X; — cows’
milk yield (kg), X, — milk price with aid (EUR/t), X5 — costs of feed (EUR/t),
X — herd restocking costs (EUR/t), X; — costs of maintaining machinery and
buildings (EUR/t), X — energy costs (EUR/t). The presented models properly
explain the variability of the gross margin in the EU countries, while the F
and Breusch-Pagan tests point to the purposefulness of using the panel esti-
mators. In addition, in the light of the Hausman test, the model which is more
efficient and thus better describes the variability of the gross margin is the
fixed effects model.

Table 5
Panel models of the milk production gross margin
Fixed effects model Random effects model
Variables . standard #-Student significance . standard statistics significance
coefficient o coefficient
error  statistics  level p error z level p
Constant  15.632 5283 2.959 0.004 17.207 6.430 2.676 0.007
X, 0.149 0.023 6.576 0.000 0.114 0019 5.746 0.000
X5 -0.3592  0.053  -7.586 0.000 -0.3651 0.050 -7.864 0.000
XA2 0.0009 0.000 3.707 0.000 0.0011 0.000 4.566 0.000
X3 0.003 0.001 2.965 0.004 0.003 0.001 3.099 0.002
Xy 0.188 0.008 23.36 0.000 0.190 0.008 24 .44 0.000
Xs -0.276 0021 -12.83 0.000 -0.272 0.021 -13.18 0.000
X6 -0.440 0.125  -3516 0.001 -0.404 0.121 -3.336 0.001
X7 -0.443 0093  -4.760 0.000 -0.459 0.089 -5.126 0.000
Xs -0.556 0085  -6.527 0.000 -0.569 0.081 -6.983 0.000
LSDV R?=0.975; in R?=0.853, 2=0.961
Test for the differentiation of the absolute ~ Breusch-Pagan test: ¥>=854.5 with p=1,40e-178
term in groups: F=28.71 with Hausman test: ¥’>=18.4 with p=0,031

p=9.09029¢-043

Source: own calculations.
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From the analysis of the gross margin effects model, the following conclu-
sions can be drawn:

— milk production gross margin is positively correlated with the size of the for-
age area (X, ); the increase in this area by one unit corresponded to the increase
in the gross margin by about 0.15 percentage points;

— between the gross margin and the size of cow herd (X,) there is a curvilinear
relation, on a basis of which we may designate the theoretical minimum herd
size; from the point of view of the gross margin, this minimum herd size is
about 200 cows (LU);

— the gross margin level is positively affected by the increased cows’ milk yield
(X3); the strength of impact of this factor was, however, not great, in fact, on
average, the increase in the milk yield by 100 kg translated into the increase
in the gross margin by only 0.3 percentage points;

— the gross margin is strongly associated to the prices obtained by producers
of milk (X,); the rise in the milk price by 1 EUR/t made the gross margin
increase, on average, by 0.19 percentage points;

— the gross margin level was obviously negatively affected by the rise in the
unit direct costs, i.e. feed (X;), herd restocking (X¢), machinery and building
upkeep (X;) and energy (Xg); however, in terms of the strength of impact, the
rise in the costs of feed reduced the gross margin to a much lower extent than
other types of direct costs included in the model; the rise in the costs of feed
(EUR/t) by one unit reduced the gross margin, on average, by 0.27 percent-
age points, while for the remaining costs the scale of this reduction was about
twice higher (0.44-0.56 pp).

Table 6 describes the parameters of panel regression models for the milk pro-
duction margin, in which the explained variable (Y) is the net margin index (net
profit/income from milk production in %) while the explanatory variables are:
X, — forage area (ha), X, — number of cows (LU), X; — cows’ milk yield (kg),
X, — milk price with aid (EUR/t), X5 — depreciation costs (EUR/t of milk), X, —
remuneration costs (EUR/t of milk), X, — financial costs — interest (EUR/t of
milk). As in the case of the gross margin, the presented models properly explain
the net margin variability, and the tests applied also justify the purposefulness of
using the fixed effects panel estimator.

The analysis of the parameters of net margin panel models with fixed effects
leads to the following conclusions:

— milk production net margin is positively correlated with forage area (X,);
the increase in this area by one unit corresponded to the increase in the net
margin by approx. 0.25 percentage points;

— there is a curvilinear relation between the net margin and the size of cow herd
(X,), which may be used as the basis for determining the theoretical mini-
mum herd size; from the point of view of net margin increase, this minimum
herd size is around 146 cows (LU);
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— in general, the net margin level is negatively affected by the increased cows’
milk yield (X5); however, the impact of this factor was not significant, since
on average an increase in the milk yield by 100 kg translated into the margin
reduction by only 0.5 percentage point;

— the net margin is strongly linked with prices obtained by producers (X,);
arise in milk price by 1 EUR /t resulted in the net margin increase by, on
average, approx. 0.18 percentage point;

— the net margin level was obviously negatively affected by the growth of unit
depreciation costs (Xs), financial costs (X4) and remuneration costs (X).
However, from the point of view of the strength of impact, the net margin
was particularly negatively affected by the remuneration costs. The rise in
those costs by 1 EUR/t in fact reduced the net margin by 1.24 percentage
points, while in the case of depreciation costs and financial costs the scale of
this reduction was significantly lower (0.41 and 0.29 pp).

Table 6
Panel models net milk production margin
Fixed effects model Random effects model
Variables . standard #-Student significance . standard statistics significance
coefficient error  statistics  level p coefficient error z level p
Constant 29.848  10.766  2.772 0.006 26.407 11.095 2.380 0.017
X, 0.246 0050 4921 0.000 0.179 0.038 4.665 0.000
X -04967  0.109  -4.543 0.000 -0.4551 0.101 -4.505 0.000
X222 0.0017 0.001 2747 0.007 0.0019 0.000 3.462 0.001
X3 -0.005 0.002  -2.960 0.004 -0.004 0.002 -2.760 0.006
X4 0.185 0.012 15.38 0.000 0.185 0011 16.37 0.000
Xs -0410 0055 -7.508 0.000 -0.404 0.051 -7.833 0.000
X -1.245 0.127  -9.787 0.000 -1.248 0.111 -11.26 0.000
X5 -0.294 0081  -3.627 0.000 -0.262 0.075 -3.499 0.001
LSDV R?*=0.970; in R?=0.735, R?=0.938

Test for differentiation of the absolute term  Breusch-Pagan test: %>=183.6 with p=8,07¢-042
in groups: F'=29.48 with p= 1.334e-043 Hausman test: x*=16.16 with p=0.040

Source: own calculations.
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Summary

The EU dairy farm sector records a relatively marked increase in the size
of herd cows, forage area and milk production. In addition, the development
of production capacity of dairy farms is strongly associated with an increase in
milk yield, forage area productivity and, what is particularly important, labour
productivity. The dynamics of these processes varies in individual EU countries,
hence the strong diversification of basic technological and economic parameters
of dairy farms between the EU countries. Particularly clear differences concern
the scale and effects of farm activities, measured by milk production volume,
number of cows, labour resources, labour productivity, and cows’ milk yield, as
well as labour inputs.

However, the growth of production potential and productivity of dairy farms
over the analysed period did not translate into a positive trend in gross and net
margins. The milk production margin was subject to multidirectional chang-
es, but generally followed a negative trend, mainly as a consequence of faster
growth of production costs than milk prices.

The data from 2013 show that the highest net milk margin was recorded on
farms in Romania and Italy, which essentially differ in terms of technological,
economic and price-cost parameters. Compared to the average level of these
parameters in the EU, dairy farms in Romania are characterised by the low-
est scale of production measured by the number of cows and milk production
volume as well as the lowest cows’ milk yield and labour productivity. It results
in very low operating costs, fixed costs and costs of external factors, which, de-
spite relatively low milk prices, determine the high production margin. In Italy,
rearing of dairy cattle is conducted on a much larger scale, which translates into
a relatively high, when compared to the EU average, labour productivity and
milk yield similar to the EU average. In addition, dairy farms in Italy achieved
some of the highest milk prices in the EU, which, combined with operating
costs, fixed costs and costs of external factors being significantly lower than the
average, has a strong and positive impact on their milk production margin.

In a large number of the EU countries, milk production is unprofitable. The
inability to generate profits as measured by the net profit was characteristic
mainly of dairy farms in Slovakia and the Czech Republic. Their common fea-
ture is a very large scale of production measured by the number of cows and
milk production volume and a significantly lower labour productivity than the
EU average. The unprofitable milk production in these countries is also strongly
associated with price and cost determinants. Dairy farms in Slovakia and the
Czech Republic achieved milk prices lower than the EU average and incurred
very high costs per production unit. Remuneration costs are a very important
source of high cost intensity of milk production in these countries. Their level
per tonne of milk was, respectively: 124 EUR/t (Slovakia) and 93 EUR/t (Czech
Republic), while the EU average was only 17 EUR/t.
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From the point of view of the estimated regression model parameters, the
variability of milk production margin depends largely on forage area, cow herd
size, cows’ milk yield, milk prices, energy costs and remuneration costs, while,
to a relatively lower extent, on the cows’ milk yield and feed costs. The identi-
fied causal relationships of these farms’ characteristics with their margin were
usually linear, except for cow herd size. The study results showed that, in theory,
a margin increase requires a certain minimum cow herd size. In comparison
with its average level in the EU, it is quite high and, in the case of net margin it
amounts to approx. 150 cows per farm.
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UWARUNKOWANIA RENTOWNOSCI PRODUKCIJT MLEKA
W GOSPODARSTWACH MLECZNYCH KRAJOW
UNII EUROPEJSKIE]

Abstrakt

W artykule podjeto problematyke uwarunkowan rentownosci produkcji
gospodarstw rolnych wyspecjalizowanych w produkcji mleka. Badania prze-
prowadzono w uktadzie krajow Unii Europejskiej za lata 2007-2013 na pod-
stawie cyklicznych danych publikowanych przez Komisje Europejskq w ra-
portach EU Dairy Farm Report. RentownosS¢ produkcji mleka analizowano
na podstawie szczegotowego rachunku przychodow i kosztow, ktory umozli-
wia wielowymiarowq ocene zdolnosci gospodarstw do generowania zyskow
z produkcji mleka mierzong rentownosciq brutto i netto. Ponadto w celu
identyfikacji sity i kierunku wptywu wybranych charakterystyk techniczno-
-ekonomicznych, cenowych oraz kosztowych na rentownos¢ produkcji mle-
ka zastosowano metody regresji panelowej. W Swietle parametréw regre-
sji panelowej na zmienno$c¢ rentownosci produkcji mleka najsilniej wptywa-
ty: wielkos¢ powierzchni paszowej, wielko$¢ stad, wydajnos¢ mleczna krow,
ceny mleka oraz koszty energii i koszty wynagrodzen.

Stowa kluczowe: rentownos$¢ produkcji mleka, gospodarstwa mleczne, kraje UE,
panelowe modele regresji.
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