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Abstract: In dairy farms, the feeding cost, which includes the expenses for purchased feed but also
the expenses for feed production, constitutes a very large part of production cost (more than 60%),
which indicates the economic importance of the feeding strategy. This study discerns three different
feeding strategies: landless farms only purchasing feed from markets (“Purchasing”), farms for
which home-grown feeds stand for more than 10% of feeding costs (“Producing”) and farms with
less than 10% home-grown feeds (“Multi-purpose”). Based on technical and economic data from
47 dairy cow farms in Greece, alternative scenarios of development of the dairy sector are determined
taking into account the dependence on on-farm feed production. Through a parametric programming
model, the study provides insights regarding the optimal structure of the system under different
scenarios (changing availability of variable capital, changes in milk prices). The results indicate that
“Purchasing” farms are the preferred option when variable capital is abundant and milk prices are
satisfactory, while “Producing” are the ones surviving with milk prices significantly lower than the
actual ones in Greece and European Union. “Multi-purpose” farms perform worse than the other
two and are sidelined in both scenarios, as they do not seem to be able to specialize in the dairy
enterprise or in crop production and thus to minimize costs.

Keywords: dairy farms; feedstuff production; parametric programming

1. Introduction

The development of effective feeding strategies is one of the main concerns for dairy
farms worldwide as feeding is the main factor affecting milk yield and quality [1–4].
Furthermore, feeding costs have been reported as the major cost driver in dairy farms,
from the USA [3] to the European Union (EU) [5], while in Greece, they account for more
than 55% of total costs [6,7]. As Finneran et al. [8] point out “ . . . .As feed cost constitutes
such a large proportion of total variable costs, it is clear that prudent management of feed costs can
significantly impact on the profitability and sustainability of ruminant production systems”.

The discussion regarding feeding strategies is highly relevant to the intensification
process in the dairy sector. In several studies internationally, intensification is characterized
in terms of less grazing [9], which is combined with concentrate supplementation in order
to achieve profit maximization [10]. Specialized dairy systems increased the provision
of concentrates and based animal nutrition on silage, thus decreasing the importance of
grazing and disconnecting from the use of land [11]. Llanos et al. [12] in Uruguay discerned
different types of intensification based on the provision of concentrates, while Alvazez
et al. [13] used stocking rates (cows per hectare)– along with milk per cow, milk per hectare
and feed per cow—to characterize farms according to their level of intensification. In
European systems, forage is still the main feed for dairy farms [11] but in Northern Europe,
at least one part of energy intake still comes from grazing [14] with decreasing trends.
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According to Reijs et al. [5], apart from Irish farms, which graze up to their totality—at least
to a degree—in the UK the percentage of grazing farms was estimated to 80–85%, in the
Netherlands around 70% and in Germany around 50%. They found significant differences
in the economic performance—including production costs and labor—across farm types
categorized according to the percentage and strategy of grazing.

Nowadays, less or no-grazing systems provide opportunities for increasing produc-
tivity and economic performance [14]. Considering that the availability of land limited
the expansion of dairy farms, a shift from grazing to confinement allowed their rapid
growth [11]. Alvarez and Arias [15] reported a positive relationship between technical
efficiency and size in terms of land use, while increases in stocking rates indicator reduced
efficiency [13]. For Gonzalez-Mejia et al. [16] the characterization of farm intensification of
dairy farms in Wales and England was based on increasing margins per liter of milk by
increasing grazing (extensive farms) or intensification to maximize margins per hectare
(intensive farms). Clay et al. [17] underlined that total confinement of cows around the year
is met in very intensive operations and relies on feed produced off-farm. Specialization on
the dairy enterprise can be associated with higher profitability.

In Greece, dairy farms have followed intensification paths, much like many other
countries worldwide. Important elements of this intensification include higher invest-
ments and economic characteristics [6,7,18,19] but also the adoption of more effective
practices, such as wider use of artificial insemination and new technologies for semen
selection [20], innovations in machine milking [21] and higher level of environmental
practices—including wastewater and manure treatment [22]. However, a fundamental dif-
ference from other European countries is that very few Greek dairy farms graze [6,7,18,23].
There is an increasing trend of disconnecting totally from the use of land and of basing
feed procurement on markets. Another alternative is to produce a small part of the feeds
on-farm, by cultivating own or rented land. This option can increase the control that farms
have on feed quality and availability, however, they are burdened with costs relating to
land rent and additional fixed costs for machinery and crop storage. The economic effects
of the choice between feed procurement from markets or production on-farm has received
relatively less attention than the role of grazing. Finneran et al. [8] presented a model
which provides a full-cost approach for calculating the economic effects of production of
feedstuff on dairy production. In Greece, Siafakas et al. [18] examined the economic effects
of producing feedstuff on-farm and found that this option is not always efficient but is
rather contingent upon specific prerequisites.

The purpose of this study is to show how the choice of dairy farms to produce feedstuff
or to buy exclusively from markets—thus specializing on the dairy enterprise—can impact
the future trajectories of the sector. For this reason, the profiles of three dairy farm types are
depicted, each one of which engages in different degrees in the procurement of feedstuff
from markets or in on-farm cultivation. A parametric programming model is designed to
investigate the prospects of each type and to illustrate the structure of the sector under
various scenarios of external conditions. Therefore, the study focuses on and analyses the
managerial decisions and practices of farmers regarding feedstuff provision.

2. Materials and Methods
2.1. The Greek Dairy Sector

The Greek dairy cattle sector has witnessed great changes since early 2000s, according
to processed data from ELGO—DIMITRA [24], which is the designated Greek Organization
for supervision of milk balances. The number of farms decreased every year from 2001
(12,402 farms) to 2018 (2884 farms), with a total decrease of 76.7%, while milk production
was reduced by 10.4%. However, this reduction was mainly witnessed from 2010 onwards,
when milk production dropped by 10.6% and the number of farms by 36.8%. Therefore,
average production per farm has almost tripled since 2001 and has increased by more
than 40% since 2010. More than 80% of production and 70% of farms are situated in the
northern part of the country (Regions of East Macedonia and Thrace, Central Macedonia,
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Western Macedonia and Thessaly). The fresh milk market in Greece is oligopolistic with six
companies controlling 70% [25]. Milk prices from 2010 onwards did not exhibit significant
reductions (Figure 1) and are generally higher than European Union (EU) averages [26].
This is due to the fact that Greece only achieves about 40% of self-sufficiency in raw cow
milk as well as to this was partially due to the fact that large intensive farms were able to
bargain acceptable prices with industries.
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Figure 1. Fluctuation of average milk prices in Greece and European Union 2010–2019 (Source: ELGO—DIMITRA (multiple
years) and [26]).

These developments illustrate the intensification process of Greek dairy farms. Large
entrepreneurial farms are characterized by investments in automated systems, state-of-the-
art buildings and improved genetic material. These are combined with modern techniques
in artificial insemination, milking and animal health, as well as specialized staff and
practitioners. Grazing is totally abandoned by these farms and cows are confined all the
year and fed with specialized rations. Despite unfavorable external conditions, which also
included reduced liquidity and lack of financing, and chronic structural problems until
then (e.g., small average farm size, lack of modernization, high dependence on subsidies,
low level of cooperation), farms continued to increase in size and productivity during the
Greek economic crisis due to their dynamic strategies [7].

2.2. Methodological Background and Model Specification

The empirical analysis in this paper is based on Linear Programming (LP) and Paramet-
ric Programming (PP), which are non-parametric methods of mathematical programming.
In particular, LP is a mathematical procedure for optimum resource allocation, which
maximizes or minimizes a linear objective function subject to linear constraints [27–30].
The algebraic expression of a LP problem is:

max(min)
M

∑
j=1

cjxj = Z (1)

M

∑
j=1

aijxj ≤ Ai (2)

xj ≥ 0 (3)
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where:
xj the activities
cj the contribution of each activity xj to the objective function (gross margin),
Z the objective function,
αij the requirements per unit of xj for input i, where the availability of the specific resource
is Ai.

The solution produces an optimum combination of activities that leads to cost mini-
mization or output maximization. The mathematical expression of PP is the same, however,
the availability (Ai) of an input (Right-Hand-Side Parametric Programming (RHS-PP)) or
the value of a variable in the objective function (cj) (Price Parametric Programming (PPP)),
are allowed to vary within an acceptable range, yielding a set of alternative optimal plans.
This way, the method provides the sensitivity of LP results to changes in specific variables
or constraints of interest.

In the dairy sector, mathematical programming models have been used widely for
least-cost ration design [31,32] or to derive optimal dairy farm organization plans [33,34].
Environmental issues of the dairy sector were examined by Acosta-Alba et al. [35] and,
more recently, by Larrea-Gallegos and Vazquez-Rowe [36] combining Life Cycle Assess-
ments with mathematical programming methods. Regarding policy assessments, Moraes
et al. [37] used an LP model to derive diets for dairy cattle in order to examine effects of
environmental policies on diet formulation taking into account methane emissions, while
Theodoridis [23] used a mathematical programming model to assess the impact of farm
policies. The effects of policies on farm organization were also examined by Ramsden
et al. [38] with a linear programming model.

The LP and PP models in this application aimed at the maximization of the gross
margin, under a set of physical and economic constraints. The structure (Linear Program-
ming Matrix) was common for all models and is presented as Supplementary Material.
The alternative activities included in the objective function, by means of which the maxi-
mization of gross margin was sought, were three farm types (xj), identified through on-site
research. Type 1 were “Purchasing” farms which did not produce any feeds and purchased
exclusively from markets. Type 2 accounted for “Producing” farms, which cultivated
land for feedstuff, and for which crop production expenses stood for at least 10% of total
feeding costs. Type 3 “Multi-purpose” farms produced some feeds but to a lower extent
than “Producing” (less than 10% of total feeding costs). The choice of the 10% cut-off
point was based on the average of this research (14.6%) combined with recent previous
research in Greece (8.7% in Mitsopoulos et al. [6]; 12.2% in Ragkos et al. [7]). This way, the
solution of the model accounted for the number of farms of each type under optimal use of
available resources. The specific characteristics of each Type are presented in detail in the
following Section.

The following constraints were included in the model (αij, Ai)

• Land constraints, which involved arable land only for the production of feedstuff.
Farms cultivated non-irrigated land with winter cereal (mainly wheat and barley) and
irrigated land with corn (for concentrate or for silage) and lucerne (for forage). Land
requirements were expressed per farm.

• Labor requirements per farm were expressed in hours/year and were discerned
between family members and hired workers. For the analysis, each person working
full-time on the farm corresponded to 1 Labor Unit (LU) equal to 1750 h per year. Each
farm type required a specific number of hours of family and hired labor. The available
family labor (LU) was calculated for the sampled farms and then extrapolated, since
there were no official data on the actual farm family employment in the sector. The
wage of labor was 3.5 €/h, however the implicit wage of family labor was not included
in gross margin calculations.

• Variable capital requirements included feeding costs (purchased feedstuff and inputs
for crop production for feedstuff (seeds, pesticides, fertilizers, irrigation water, fuel,
hired machinery)), veterinary expenses, other farm management expenses etc. These
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requirements were expressed per farm in a separate constraint in the model, sum-
ming up the individual elements of variable costs, and were expressed against the
availability of variable capital.

By means of LP, RHS-PP and PPP, three Scenarios were examined

• Scenario 1 (S1). Optimization of the current situation with LP to show the optimal
organization of the sector with the current availability of inputs (land, labor, capital).
The solution would depict how the existing situation differed from the optimal and
which structural adjustments were actually required.

• Scenario 2 (S2). Changing availability of variable capital. This Scenario simulated the
effects of capital availability and helped understand how changes in variable capital—
limited liquidity and scarce loans—would impact the structure of the dairy sector at a
local/regional level. The lower availability of financial resources was pointed out as a
limiting factor of the sustainability of dairy farmers [39]. The Scenario was examined
with RHS-PP where the availability of variable capital on the right-hand side of the
relevant constraint was allowed to vary.

• Scenario 3 (S3). Changes in milk prices. This Scenario examined the consequences of
increasing farmer milk prices or of reducing them closer to average prices in the EU
and internationally. It has been pointed out that the positive effects of intensification on
economic performance and efficiency have been motivated by high milk prices [40,41].
This Scenario was investigated by means of PPP in the vector of milk prices of each one
of the three farm types included in the model. As prices changed, different sectoral
organization was depicted.

Data for the analysis were derived from a farm management survey of dairy farms
in 2016–2017 in Northern Greece (Macedonia, Thrace and Thessaly). In total 47 farms
were surveyed (1.5% of Greek dairy cattle farms, 9% of national cow milk production).
Using a carefully designed questionnaire, detailed technical and economic data were
recorded: fixed capital endowments (buildings, machinery, land reclamation, herd size and
structure), crop production for feedstuff (acreage, land rent, expenses for inputs), costs of
purchased feedstuff, other expenses related to animal production, labor requirements and
wages (family and hired) as well as milk yields and prices, meat production and prices
and income support payments. The Kruskal-Wallis non-parametric test was applied to
evaluate differences among farm types, while differences between specific farm types were
evaluated using the Mann-Whitney U-test. All analyses were conducted using the IBM
SPSS statistical software (version 25.0). Significance was declared at p-value ≤ 0.05.

3. Results
3.1. Technical and Economic Indicators

Table 1 summarizes the technical and economic data of the “average” farm of each
one of the three farm types as well as of the average farm of the whole sample—which
is reported for benchmarking between the three types. These indicators were used in the
model matrix. The “Purchasing” farm was considerably larger (173 cows) compared to
the “Producing” and “Purchasing” farms (139 and 133 cows respectively). Moreover, milk
yields and prices were higher for the “Purchasing” farm. Despite the difference in size, the
“Producing” farm had the highest labor requirements—due to crop production—and the
“Purchasing” had lowest (and 40% lower than the “Producing” farm when expressed per
cow). An important difference was also reflected in the synthesis of labor resources, as only
26% of labor came from the farm family for the “Purchasing” farm, while this percentage
was 58% for the “Producing” and 51% for the “Multi-purpose”.
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Table 1. Technical and economic indicators of dairy farm types according to feeding pattern.

Technical Indicators
“Purchasing”

Farm
“Producing”

Farm
“Multi-Purpose”

Farm Average Farm

per Farm per Cow per Farm per Cow per Farm per Cow per Farm per Cow

Farms 8 20 19 47
Cows 173 - 139 133 143

Milk production (×1000 lt/year) 1493 - 1131 989 1135
Milk yield (kg/cow/year) * - 8628.4 a - 8138.5 ab - 7437.8 b - 7975.1
Average milk price (€/kg) * 0.441 a - 0.435 ab - 0.436 b - 0.437 -

Cultivated land (ha) * - - 83.0 a 0.60 19.3 b 0.14 43.1 0.30
Labor requirements (h/year) 11699 67.4 15,469 111.1 11,930 89.5 13,395 93.9

Family (hours/year) * 3059 a 17.6 8971 b 64.4 6094c 45.7 6801 47.7
Hired (hours/year) 8640 49.8 6498 46.7 5836 43.8 6594 46.2

* Denotes statistically different values at the 95% level using the non-parametric Kruskal-Wallis test. Numbers with different superscripts
are different at the 5% level (p < 0.05).

Table 2 reports the financial results of the three farm types. Evidently, milk was the
most important source of income for all types, while other sources included sales of calf
meat or of young calves. Income payments (Single Farm Payment, coupled payments for
cereals) were not included in the financial results nor in the model. Variable expenses stood
for the highest percentage of total costs for all types, especially feeding costs (purchased
feedstuff and own crops). Costs under ‘other expenses’ account for 13.8% to 15.6% of total
costs and include all other variable (paid) expenses related to capital such as costs for
veterinary drugs and care; electricity and water; waste management (septic tanks and/or
biological treatment as well as manure management). As a result of achieving the highest
gross revenue and despite high expenses, the “Purchasing” farm achieved the highest gross
margin, followed by the “Producing”, which had the lowest expenses. Despite being the
smallest in size, the “Multi-purpose” farm operated with higher total expenses than the
“Producing” farm and achieved considerably lower gross revenue than both other farms,
thus showing the lowest gross margin. Table 2 also presents the returns to land and labor,
both of which were negative for the “Multi-purpose” farm, while the “Purchasing” farm
demonstrated an impressive return of 14.6 €/h.

Table 2. Financial results of dairy farm types according to feeding strategy.

“Purchasing” “Producing” “Multi-Purpose” Whole Sample

Gross revenue (€) 704,423 537,839 477,469 541,789
Milk 659,201 493,319 432,847 497,108

Others 1 45,222 44,520 44,622 44,681
Production expenses (€) 574,733 510,489 545,200 535,457

Land 0 28,994 11,081 16,817
Labor 40,902 47,279 38,295 42,562

Capital (€) 533,831 446,689 482,696 476,078
Variable (€) 464,731 337,540 359,535 368,081

Feeding costs (€) 375,132 268,469 292,773 296,449
Other expenses (€) 89,599 69,071 66,762 71,632

Fixed (Annual expenses) (€) 69,100 109,149 123,161 107,997

Gross margin (€) * 239,692 a 200,299 ab 117,934 b 173,708
Net profit/loss (€) * 129,690 a 14,878 b −54,603 c 6332
Return to land (€) - 43,871 −43,522 1075

Return to labor (€/hour) * 14.62 a 4.02 b −1.40 b 3.60
1 Not including income support (Single Farm Payment, coupled payments). * Denotes statistically different values at the 95% level using
the non-parametric Kruskal-Wallis test. Numbers with different superscripts are different at the 5% level (p < 0.05).
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3.2. Results of Mathematical Programming

Table 3 presents the optimization results for the existing situation (Scenario 1) and
depicts what would happen if available resources were reorganized optimally to maximize
gross margin. The fundamental difference between the existing and optimal situations
was that “Multi-purpose” farms were not included in the optimal plan, which consisted
of 27 “Purchasing” and 20 “Producing” farms. The number of cows increased by 11.3%
and milk production by 17.9%, which led to a significant increase of 5.9% in average
yield (8446 lt/cow compared to 7975 lt/cow in the existing situation). Although labor
requirements were almost the same in the existing and the optimal situation (360 and
357 LU respectively), there was an important change in the contribution of hired labor,
from only 177 LU (49% of total labor) in the existing situation to 208 LU in the optimized
situation (58%). In addition, the increase in the number of “Purchasing” farms led to the
cultivation of less land (18.2% and 16.8% reduction for irrigated and non-irrigated land
respectively). As a result of these changes, the optimal plan achieved an increase of 15.4%
in gross margin, although the use of variable capital remained the same (16.8 mil.€).

Table 4 presents the results of RHS-PP (S2), where the availability of variable capital
was allowed to vary. Four optimal solutions were derived (S2.1–S2.4), each one of which
corresponded to an increase in variable capital. Solution S1 shows the optimal situation
when 16.80 mil. € of variable capital were available, like in the existing situation. Under
scarcity of variable capital, “Producing” farms prevailed also in S1.2, where 200 farms
cultivated the whole available acreage (12,398 ha of irrigated and 4142 ha of non-irrigated
land) for the production of feedstuff. In S1.3, where the availability of capital increased
significantly, “Producing” farms stopped increasing and 458 “Purchasing” farms were
introduced in the optimal structure of the system. The number of cows per farm and milk
production per farm increased compared to S1.1 and S1.2 (from 139 to 163 and from 1.13 mil.
tons to 1.38 mil tons respectively). As a result, variable capital per farm (283 thousand €
and 369 thousand € respectively) and gross margin (186 thousand € and 210 thousand
€ respectively) per farm also increased. All available arable land was cultivated in S1.3
and available family labor was fully utilized (1827 LU compared to 1025 LU in S1.2). The
effects of a further increase in variable capital were reflected in S1.4 (424.9 mil. €, i.e.,
407 thousand € per farm), where only “Purchasing” farms were included in the optimal
structure. Available family labor was fully utilized but the number of hired workers was
increased significantly (5159 LU).

Table 3. Results of Linear Programming in the existing situation—Scenario 1.

Existing Situation Optimized Situation

Number of farms
“Purchasing” 8 27
“Producing” 20 20

“Multi-purpose” 19 0
Cows 6691 7451

Milk production (mil.lt.) 53.3 62.9
Average yield (lt/cow) 7975 8446

Labor (LU 1) 360 357
Family 183 150
Hired 177 208

Irrigated land (ha) 1515 1239
Non-irrigated land (ha) 498 414
Gross margin 2 (mil.€) 8.5 9.8
Variable capital (mil.€) 16.8 16.8

1 LU = 1750 h/year. 2 Numbers reported here stand for the total gross margin minus expenses for hired labor.
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The evolution of the structure of the system can be understood betted by examining
shadow prices of land, labor and capital (Table 4). The shadow price of land was 450 €/ha
(aggregated for irrigated and non-irrigated), which was considerably higher than the
return to land calculated for the average farm (24.74 €/ha) but lower than the return for
“Producing” farm (528 €/ha). For labor, the shadow price was 4.63 €/ha, which was higher
than the return of the average sample farm (3.60 €/h), but considerably lower than the
return of “Purchasing” farm (14.62 €/ha). As expected, the return to capital decreased
across optimal plans, as its availability increased, from 0.66 €/€ in S1.1 to 0.51 €/€ in S1.4.

The results of PPP are presented in Figure 2, which illustrates that the structure of
the system was affected within a relatively small range of farmer milk prices. The upper
bound was 0.3059 €/lt (S2.1), over which “Purchasing” farms prevailed—given the high
availability of capital—and the lower was 0.2743 €/lt (S2.4), under which no type of farm
could survive. Between these two extremes, two intermediate plans are presented in
Figure 2, in which, however, milk prices differed very little. In particular, for milk price
0.2989 €/lt “Purchasing” farms were reduced and “Producing” farms appeared and, as a
result, all available land was cultivated. Then, with an additional slight decrease in milk
price (0.2927 €/lt), “Purchasing” farms were ruled out. Nevertheless, “Producing” farms
seemed to be able to survive within the lower price range (from 0.2927 €/lt to 0.2743 €/lt).
As in Scenario 2, “Multi-purpose” farms were not included in any optimal plan.

Table 4. Right-Hand-Side Parametric Programming results. Sectoral structure under various levels of capital availability—
Scenario 2.

Scenario 2.1 Scenario 2.2 Scenario 2.3 Scenario 2.4

Number of farms
Purchasing 0 0 458 1045
Producing 59 200 200 0

Multi-purpose 0 0 0 0
Cows 8240 27,800 107,115 180,785

Cows per farm 139 139 163 173
Milk production (mil. lt) 67.0 226.2 910.7 1560.2

Average yield (lt/cow) 7975 8137 8502 8630
Labor (LU 1) 524 1768 4833 6986

Family 304 1025 1827 1827
Hired 220 743 3006 5159

Irrigated land (ha) 3679 12,398 12,398 0
Non-irrigated land (ha) 1228 4142 4142 0
Gross margin 2 (mil. €) 11.0 37.2 138.7 231.4
Variable capital (mil. €) 16.8 56.7 226.3 424.9

Shadow price * of land (€/ha) 450.01
Shadow price * of labor(€/h) 4.63

Shadow price * of capital (€/€) 0.66 0.66 0.54 0.51
1 LU = 1750 h/year. 2 Numbers reported here stand for the total gross margin minus expenses for hired labor. * Following the definition by
Alaouze [42], shadow prices of the three production factors reflect the additional gross margin that would result if one additional ha was
cultivated; one additional hour of labor was used and one additional € of variable capital was invested.
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4. Discussion

As expected, “Purchasing” farms were considerably larger in size compared to other
types, in line with van der Pol et al. [14] and Peyraud et al. [11]. In addition, the profiles of
“Purchasing” and “Producing” farms coincided with the technical and economic indicators
reported by Mitsopoulos et al. [6] for a sample of 123 Greek dairy farms. As size increased,
yields were considerably higher, along with milk prices, while labor requirements and land
acreage per cow reduced (especially for farms rearing over 150 cows). This is also in line
with Peyraud et al. [11] and Alvarez and Arias [15], who underlined that land per cow
was reduced due to the intensification process. However, a notable difference lied between
fixed capital expenses of this study and of Mitsopoulos et al. [6]. Although fixed expenses
for average farms did not differ substantially (782.8 €/cow in [6] compared to 755 €/cow
in this study), notable differences were found between larger farms in [6] (732.8 €/cow
for farms rearing 101–150 cows and 729.3 €/cow for farms with >151 cows respectively)
and the farms in this study (399 €/cow, 785 €/cow and 926 €/cow for “Purchasing”
“Producing” and “Multi-purpose” farms respectively). This is partially justified by the fact
that “Producing” farms had lower investments in crop production, while “Multi-purpose”
farms were burdened with excessive costs for equipment. Concerning labor, the minimum
wage in Greece (650 € per month) was higher than the return to labor of the average farm
(3.60 €/h), almost equal to the return of the “Producing” farm (4.02 €/h) but more than
three times lower than the return of the “Purchasing” farm (14.62 €/h).

Regarding the role of on-farm feed cultivation, the results of this study converge with
the ones by Siafakas et al. [18] for Greece, who investigated the efficiency of dairy farms in
relation to the sources of feed. Both studies confirmed that farms which specialized in the
dairy enterprise were more efficient. In Siafakas et al. [18], eight out of nine farms which
did not grow any feedstuff were fully efficient, which is verified by the findings of this
study, as the “Purchasing” farm had lower production costs, lower labor requirements per
cow, increased yields and higher product prices. In both studies, feeding costs were not
always reduced when feedstuff was produced on-farm—which is particularly relevant
for “Multi-purpose” farms in this study—and efficient farms cultivated significantly less
land than inefficient ones. Feeding costs were higher for the average farm in Siafakas
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et al. [18] (2396 €/cow compared to 2073 €/cow in this study), however the average farm
was considerably smaller (117 cows compared to 143 in this study).

The profile of “Multi-purpose” farms reflects a defensive behavior, like the “Go with
the flow” strategies described by Lemery et al. [43] and analyzed by Ragkos et al. [7] for
Greek dairy farms. Indeed, “Multi-purpose” farms were the smallest and had the lowest
milk yield across the three types, while they were the only ones operating with net losses
and negative return to land and labor. Since they were not included in the optimal plan in
any of the LP or PP models, it was verified that this farm type could not ensure survival in
adverse external conditions, when prices were low or capital was scarce. The strategy of
these farms lied between “Producing” and “Purchasing”, as they were mainly dependent
on markets for feedstuff but also engaged in crop production, however in a less systematic
and efficient way. Failing to specialize in the dairy enterprise or to increase the efficiency of
crop production, they did not achieve the advantages of neither of the other two types.

“Purchasing” farms required the vast availability of capital and higher milk prices,
which aligned with what Basset-Mens et al. [44] suggested in their Life Cycle Assessment
study of dairy farms in New Zealand. Thus, these farms reflected a highly intensive
system dependent on external inputs, which has been found to entail low resource use
efficiency from an environmental perspective [17,39] but leads to higher levels of economic
performance when these inputs are more available, as in S1.3 and 1.4. This explains how
“Purchasing” farms emerged in the past few years and that it should be expected to see
more of them in the following period, if the two aforementioned conditions continue to be
met. This finding coincides with Ragkos et al. [7], in that farms that undertook ”Act upon”
strategies in their study, like the dynamic “Purchasing” farms, managed to expand when
external conditions were favourable—even when they were less favorable but did not cross
a lower threshold. In this context, sustainable intensification [17,19] has been proposed
as a most promising pathway for the development of dairy farming [45]. However, Clay
et al. [17] outline a set of conditions which would render this pattern more sustainable over
time, including developments in the external environment, such as the emergence of “state-
run companies and cooperatives . . . ..putting up capital investment in technologies infrastructure
. . . .that further stimulate dairy intensification at a regional level”.

The fact that “Producing” farms were able to survive as milk prices reduced verifies
that on-farm feed production provides flexibility to farms [46] and renders them less
vulnerable to external shocks. However, it should be stressed that the price limits set by the
PPP (Figure 2) were considerably lower than actual average prices for the three farm types
(Table 1), which, in turn were significantly higher than the national average (Figure 1),
mainly due to their large size of the sampled farms. Furthermore, as already explained
in Section 2, prices in Greece have always been higher than the higher bound reported
in Figure 2 (0.3059 €/lt) for the last 10 years and never dropped below 0.35 €/lt. On the
other hand, the cut-off price of 0.3059 €/lt as well as the lower bound of 0.2743 €/lt were
not far from international milk prices, as Hemme [47] reported an average international
price of 33.4$ for 2018, equal to 0.2905 €/lt. Average world prices in the decade 2010–2019
showed a remarkable fluctuation from 0.271$/lt on average in 2016 to 0.558$/lt in February
2014, due to market and non-market factors (e.g., input prices and/or weather conditions).
According to the Milk Market Observatory of the EU [26], the average milk price for EU-27
was 32.85 €/lt on July 2020 and ranged between 25.68 €/lt to 40.21 €/lt (for EU-28) from
2010 to 2020. These considerable fluctuations demonstrated that although domestic prices
remained significantly higher—especially for large farms—a scenario of abrupt decreases
in prices to adapt to EU and world averages would have significant negative impact on
“Purchasing” farms and would initiate a cycle of structural adaptations.

A factor that should also be considered when interpreting the findings of this study
is policy income support. These payments—which include the Single Farm Payment
and coupled payments for crops such as cereal and legumes—were not included in the
financial results in order to depict the competitive situation of each farm type. A previous
study by Ragkos et al. [7] showed that these payments were around 5.5% of total gross
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output for an average dairy farm of 140 cows. It should be expected that the continuation
of these payments would be beneficial, especially for “Producing” and “Multi-purpose”
farms which cultivate land and are entitled to payments also for crop production—thus
partially reducing their feeding costs. Nonetheless, the importance of revenues from milk
is substantial and constitutes the crucial factor regulating the income of farms, unlike other
sectors in Greece for which policy has been shown to play a much more significant role
in their viability. According to Karanikolas and Martinos [48], in 2008 the Farm Family
Income of Greek farms was based on subsidies by more than 60%.

The study focused on the economic performance of farms and also accounted for
social aspects including employment. Future research, however, is required to shed light
on the overall sustainability of each farm type and of each trajectory, especially in terms
of environmental impact. Since highly intensive farms have been proven to have low
environmental efficiency in some cases, it would be challenging to see whether holistic
sustainability considerations could alter the optimal structure of the dairy sector depicted
in this paper. Such research could also integrate the relationships between feeding patterns
and manure and waste management from large dairy farms. This approach could have
important policy implications, in assisting to allocate structural funds more effectively, also
based on environmental indicators.

A limitation of this study is that is focuses on large dairy farms and does not account
for the prospects of smaller ones. However, these farms are actually the result of the inten-
sification and modernization process of the sector and reflect modern trends. Therefore, it
should be expected that these farms will play a key role in the future.

5. Conclusions

This study presented an analysis of potential future trajectories of Greek dairy farms,
which were discerned to three types based on the degree of reliance on markets for procure-
ment of feeds. Three scenarios were tested by means of linear and parametric programming,
illustrating how the sector would respond under changing availability of variable capital
or under reduced milk prices. The results indicated that farms which did not cultivate any
feedstuff were more specialized in the dairy enterprise, achieved the highest economic
results and had better prospects when prices were high and variable capital was easily
available. On the other hand, on-farm feed production was proven more beneficial when
milk prices were considerably lower than the actual ones in Greece and the EU. However,
it was shown that engagement in feed production should be carefully organized in or-
der to have a positive contribution in economic performance and to justify the required
investments in equipment.
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