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Abstract

ALVAREZ, C.J.,M. CARDIN, E. M. MARTINEZ, X. X. NEIRA and T. S. CUESTA, 2014. Dairy farm efficiency
in Galicia (NW of Spain). Bulg. J. Agric. Sci., 20: 51-55

A dairy cattle farming is the main industry in the Autonomous Community of Galicia, NW of Spain. The dairy sector is
undergoing an important restructuring process prompted by the accession of Spain to the European Union in 1986. In the last
twenty years, the great transformation of the sector has brought about the closure of less competitive farms. The break-even
point for Galician farms is set at farms with 50 dairy cows, which means that only 5.4% of Galician farms are non-viable,
even though the farms included in this percentage contain 20% of the cows required. An analysis of a representative sample
of dairy farms has been carried out and the results obtained for labour productivity are very limited and burden farm profit-
ability. A neural network was used to correlate farm variables such as milking system, cleaning system and feeding system
with the labour required to perform these operations. The results of correlation analysis show a strong dependence between
farm profitability and the milking, cleaning and feeding systems used. According to results, profitability increases with the
increase in farm size. Considering the high potential for improvement of Galician farms, it has been concluded that further
studies are required to determine the most suitable solutions for each particular farm and to achieve greater efficiency in pro-

duction systems.
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Introduction

Agriculture, particularly the livestock sector, is a major
economic activity in the Autonomous Community of Gali-
cia, located in Northwest Spain (Alvarez et al., 2008). In the
last twenty years the Galician milk production sector has
gone through a restructuring process with a reduction in the
number of farms and an increase in the number and average
size of farms specialized in milk production has increased
significantly (Rodriguez-Couso et al., 2006). Despite the de-
crease in the total number of farms, caused by the dramatic
reduction in farms with less than 10 cows, and despite the
decrease in the total number of cattle heads, milk production
has increased.

This research team has studied the evolution of the dairy
sector using different approaches, focusing on farm design
improvement (Pereira et al., 2005; Marco et al., 2008) and on
the interdependence between the farm and the quality of life
of farmers (Maseda et al., 2004). Based on these studies, our
research team has analyzed the production processes used on
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cattle farms (Riveiro et al. 2008), according to the results,
farms with less than 50 cows are below the break-even point.
These results are in agreement with those reported by other
authors who measured the profitability of the production ac-
tivity in economic terms considering inputs and outputs (Al-
varez et al., 2000).

The status of Galician farms in terms of facilities, cattle
genetics, feeding and health meets the standard of other Eu-
ropean countries (Marco et al., 2008). The critical aspects
that affect low farm profitability are related to poor planning
of production activities (Alvarez et al., 2008). This results in
low productivity of labour. According to Mattila et al. (2008),
efficiency improvement integrates factors that contribute to
economic performance, such as feeding quality, genetic im-
provement and labour productivity.

The increase in average farm size has not caused an in-
crease in farm production efficiency and, therefore, farm
profitability remains far from optimum (IGE, 2010). Van Wa-
veren (2009) use kilograms of Full Cream Milk per hour of
work (kg FCMh™) to compare the values obtained for ‘labour



52 C. J. Alvarez, M. Cardin, E. M. Martinez, X. X. Neira and T. S. Cuesta

productivity’. In the report, Spanish farms stood out signifi-
cantly, with low average values: 111 kg FCMh'! in 2005 and
173 kg FCMh™! in 2009.

Cournut et al. (2010) and Haghiri et al. (2004) have stud-
ied possible actions for organizational improvement of dairy
cattle production systems in different areas. Kompas and
Che (2006) have suggested the need to consider the relative
importance of the different inputs used and the effect of the
technologies and operational procedures used on the farm.

This paper presents the efficiency parameters that affect
farm profitability according to data obtained from a repre-
sentative sample comprised of the 16 455 commercial dairy
farms that exist in Galicia. A neural network has been devel-
oped to analyze efficiency performance for the different farm
types defined. The neural network approach has been chosen
because of the large number of variables involved and of the
heterogeneity of the elements included in the sample, char-
acteristic of the Galician dairy sector. Grzesiak et al. (2003)
highlighted the difficulty in finding a clear correlation be-
tween efficiency and variables such as farm size or the tech-
nology used on dairy farms. In this sense, many researchers
have used artificial neural networks to solve regression and
classification problems in agriculture (Chen et al., 2010; Ar-
ribas et al., 2011) and, more specifically, to analyze the milk
production sector (Jain et al., 2005).

Material and Methods

From a total of 32 137 dairy farms in Galicia, only the
16 445 farms that commercialize cow milk were considered
(IGE, 2010). The 16 445 farms were classified into three farm
types according to the production process used on the farm:
dairy farms that use silage corn for feeding cattle, dairy
farms without production of silage corn, and dairy farms that
include beef production. In addition, five size classes were
defined: 10 to 24 cows, 25 to 39 cows, 40 to 54 cows, 55 to 69

and for p and q equal 0.5, 106 surveys were conducted among
a population of 16,455 registered farmers, which yielded a
sampling error of 1.15% (Table 2).

The survey contained more than 500 items that character-
ized dairy farms in terms of agricultural production process
and farming activity. With a view to using kgFCMh! as effi-
ciency index (Van Waveren 2009), the survey considered the
following parameters: number of cows per farm, annual milk
production on the farm, milking system and cleaning system.
In addition, the time devoted to cleaning, milking and feed-
ing operations, and the number of workers involved in such
operations, were measured.

With regard to the efficiency of cleaning, milking and
feeding operations, three different measures were collected
for each farm (Tuesday, Wednesday and Thursday). Milking
time was measured from the moment the first cow entered
the collecting yard until the milking parlour was ready for
the next milking session. Feeding time was measured from
the moment the worker started preparing the feed until food
distribution was completed. Finally, cleaning time was mea-
sured as the time devoted to cleaning farm alleys daily.

Based on the information obtained, each farm was char-
acterized according to the following parameters: number of
cows, kg milk/cow and year, cleaning system (slotted floor,
flush system or automatic scraper), milking system (tie-stall,
static or rotary), cleaning efficiency, milking efficiency, feed-
ing efficiency and total efficiency, derived from considering
the other three efficiencies. The parameters considered to cal-
culate total efficiency, expressed in kg FCMh™!, were total farm
milk production and the time devoted to each operation during
the 305 day-lactation period, expressed in hours (Table 3).

In addition, the appropriate values for each parameter
were calculated for the set of dairy farms considered. Such
values were necessary to normalize data at a later stage of the
work (Fernandez et al., 2009).

o Table 2
cows and 70 or more cows (Riveiro et al. 2008) (Table 1). . L. .
Based on the stratification shown in Table 1, a sample Characterlstlcs of the sample of 106 dairy farms

was determined using Neyman allocation. The sample size | SiZ¢ class | RL | R2 | R3 | R4 | RS
was determined by stratified random sampling according | IV of farms 29 26 16 18 17
to the allocation of farms to the different groups considered Farm types Tl T2 T3
(Scheaffer, 1987). For a confidence level of 95.0% (K=1.6), | No. of farms 72 23 11
Table 1
Distribution of the 16,455 commercial dairy farms in Galicia, Spain, according to the production process used

Production process ‘ Tl ‘ T2 ‘ T3

Farm size Rl R2 R3 R4 R5 RI R2 R3 R4 R5 RI R2 R3 R4 RS

Number of farms 4,124 1,796 554 124

128 5,590 1,659 684 103 68

1,252 296 54 6 17

T1: dairy farms that use silage corn for feeding cattle, T2: dairy farms without production of silage corn, T3: dairy farms that
include beef production, R1: 10 to 24 cows, R2: 25 to 39 cows, R3: 40 to 54 cows, R4: 55 to 69 cows, R5: 70 or more cows.
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Table 3
Values obtained from the survey carried out on sampled farms
o Kg. milk/cow 2 Efficiency, kgFCMh'"
N* Cows per year meicow Cleaning Milking ‘ Feeding ‘ Total
Average 41 6 895 18 1116 193 405 97
Minimum 10 3000 4 55 41 15 9
Maximum 90 10 462 68 6575 770 3288 438
Standard 26 5000 15 B _ B 170

A back-propagation artificial neural network, trained us-
ing supervised learning (Dam et al., 2008) was used in this
study. Data for training the network comprised several pairs
of input training patterns, five variables (number of milking
cows per farm, kg of milk produced per year and cow, m? of
farm buildings per cow, cleaning system and milking system
used) and four output variables (cleaning efficiency, milking
efficiency, feeding efficiency and total efficiency).

During the first training phase, input vectors are present-
ed to the network in the input layer. This information is used
to carry out various operations through the different layers
to the output layer, where a result is generated. During the
second and third phases, the result provided by the network is
compared with the result expected for each training pattern.
If the results are not coincident, the error is used to modify
the weights in intermediate layers. This type of network is
called ‘back-propagation network” because the error propa-
gates from the output layer to the input layer.

The network was designed and trained with three continu-
ous input variables (number of milking cows per farm, kg of
milk produced per year and cow, m? of farm buildings per
cow) and two discrete input variables (cleaning system and
milking system). By including these two discrete variables,
the level of use of technology on the farm can be assessed. In
this sense, the variable ‘cleaning system’ distinguishes among
manual operations (CleanSl), a flushing wave of water from a
tank (CleanS2) or automatic scraper cleaning (CleanS3). The
variable ‘milking system’ operates similarly, and distinguish-
es among tie-stall milking (MilkS1), static milking parlours
(MilkS2) and mechanized milking parlours (MilkS3).

The output variables used to design and train the network
were milking efficiency, feeding efficiency, cleaning efficien-
cy and total efficiency.

Results and Discussion

The neural network system designed in this study shows
relatively good convergence, with R? equal to 0.95 (Figure 1).
It can be affirmed that there is a relationship between the
characteristics studied for each farm and the final value ob-
tained for total efficiency (Yang et al., 2005).

To analyze efficiency performance in theoretically less
evolved farms (Slimpl and Sordl), two variables can be used,
kg of milk produced per year and cow or area of farm build-
ings per cow. For the first variable, three production levels
are considered: 3,000, 5,000 and 7,000 kg of milk per year
and cow. Figure 2 shows that the trend of the evolution of
total efficiency is an increase in total efficiency with the in-
crease in farm size. Yet, total efficiency increases differently
according to the milk production level per cow considered.
This trend is coincident with the results obtained by Marey et
al. (2011) for Galicia from statistical data for a similar period
considered in this work.

Taking into consideration the area of farm buildings per
cow, the analysis of ‘CleanS1 and MilkS1’ farms reveals a
different performance depending on farm size (Figure 3),
which becomes apparent from a farm size of 30-40 dairy
cows. According Irimia et al. (2011) this interaction is deter-
mined by differents parameters such as installation costs and
production (Escudero et al., 2012).

The same trend is observed for the analysis of farms with
manual cleaning systems (CleanS1 and MilkS1; CleanS1 and
MilkS2; CleanS1 and MilkS3). Thus, the analysis of total ef-
ficiency variation as a function of farm size reveals a different
performance according to milking technology (Figure 4).
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Fig. 1. Convergence of the neural network



54 C. J. Alvarez, M. Cardin, E. M. Martinez, X. X. Neira and T. S. Cuesta

For ‘CleanS1 and MilkS1’ farms, total efficiency shows
an upward linear progression as a function of the number of
cows on the farm. Efficiency values for farms with manual
cleaning and static milking parlour (CleanS1 and MilkS2)
are higher and show a steeper positive slope. ‘CleanS1 and
MilkS3’ farms show a different performance, with an in-
flection point above 70 dairy cows.

When cleaning system is considered as the determin-
ing factor for characterizing farms as poorly mechanized,
the results obtained are not conclusive. For a better under-

standing of this result, the effect of cleaning system on each
of the farm groups defined according to the milking sys-
tem used (tie-stall, milking parlour or mechanized milking
parlour) must be analyzed. Figure 5 shows the results for
farms without a milking parlour. Among these, ‘CleanS1
and MilkS1’ farms maintain the positive trend, while the
efficiency of the other two farm groups is not affected by
the cleaning system used. These results are coincident with
the results obtained by Irimia and Alvarez (2010) with dif-
ferent methodologies.
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Conclusions

The average efficiency value for dairy farms in Galicia,
obtained from 106 representative farms, amounts 97 kg FC-
Mh. By applying this value to the milk production volume
sold in Galicia in the year 2004—1 959 726 000 kg of milk—a
total of 20 203 361 hours of work are required for the sec-
tor. In contrast, by applying the average efficiency value for
Europe, 170 kgFCMh™, only 11,527,800 hours of work are re-
quired for the same production volume. Improving efficiency
on Galician farms to meet the European standard would save
8,675,561 hours of work. Assuming a value of 6 €/hour for
the hours of work saved, the annual saving would account for
more than 50 million Euro.

The application of neural networks to the data available,
collected from surveys conducted among a representative
sample of the Galician dairy sector, reveals a direct relation-
ship between production efficiency and the characteristics
considered for each dairy farm: farm size, cleaning system,
milking system, and feeding system used.

The methodology -using an artificial neural network- are shown
to be very strong. It has overcome the difficulty of the hetero-
geneity of the sample elements and a large number of variables.

Acknowledgements

Authors thank Secretaria Xeral de I+D de la Xunta de
Galicia (General Secretary for R+D — Regional Govern-
ment of Galicia -NW Spain) as they funding this research
by means of the projects “Modelos de Ordenacion Productiva
Agraria para implementar la eficiencia de las explotaciones
lacteas” [Models of Agricultural Production Regulation to
implement efficiency in dairy farms] with reference PGID-
ITO9RUO15291PR.

References

Alvarez, C.J., M. F. Marey and J. A. Riveiro, 2006. Model for classifica-
tion and characterization of farms for agricultural production planning.
Application in the Northwest of Spain. In Proc. XVI CIGR World Con-
gress Agricultural Engineering for a Better World. Bonn.

Alvarez, C. J., J. A. Riveiro and M. F. Marey, 2008. Typology, Clas-
sification and Characterization of Farms for Agricultural Production
Planning. Spanish Journal of Agricultural Research, 6 (1): 125-136.

Arribas, J. L., G. V. Sanchez-Ferrero, G. Ruiz-Ruiz and J. Gomez-Gil,
2011. Leaf classification in sunflower crops by computer vision and
neural networks. Computers and Electronics in Agriculture, 78: 9-18.

Chen, X., Y. Xun, W. Li and J. Zhang, 2010. Combining discriminant
analysis and neural networks for corn variety identification. Computers
and Electronics in Agriculture, 71: 48-53.

Cournut, S., G. Serviere, N. Hostiou, S. Chauvat and B. Dedieu, 2010.
Work organisation in family livestock farms. Lessons from a compara-
tive analysis of cases from France, South America, and Vietnam. Cah-
iers Agricultures, 19 (5): 338-347.

Dam, H. H., H. A. Abbass, C. Lokan and Y. Xin, 2008. Neural-based

learning classifier systems. /[EEE Transactions on Knowledge and Data
Engineering, 20 (1): 26-39.

Escudero, C., C.J. Alvarez and S. Irimia, 2012. La necesidad del analisis
de costes para mejorar la eficiencia en las explotaciones de vacuno lech-
ero. Spanish Journal of Rural Development, 3 (3): 17-26.

Fernandez, M. E., R. A. Mariiio and X. C. Carreira, 2009. Algorithms
for dairy barn design: Maternity and milking areas. Journal of Dairy
Science, 92 (5): 2276-2296.

Grzesiak, W., R. Lacroix, J. Wojcik and P. Blaszczyk, 2003. A compari-
son of neural network and multiple regression predictions for 305-day
lactation yield using partial lactation records. Canadian Journal of Ani-
mal Science, 83 (2): 307-310.

Haghiri, M., J. F. Nolan and K. C. Tran, 2004. Assessing the impact
of economic liberalization across countries: a comparison of dairy in-
dustry efficiency in Canada and the USA. Applied Economics, 36 (11):
1233-1243.

IGE, 2010. Encuesta de explotaciones de vacuno en Galicia. Instituto Gal-
lego de Estadistica. Santiago de Compostela, Spain.

Irimia, S. and C. J. Alvarez, 2010. Analysis of the efficiency of dairy
farms feeding systems in Galicia. International Conference on Agri-
cultural Engineering, Clermont-Ferrand (Francia).

Irimia, S., C. Escudero and C. J. Alvarez, 2011. Relacion entre el disefio de
las instalaciones de ordefio y la eficiencia en las explotaciones lecheras de
Galicia. VI Congreso Ibérico de Agrolngenieria, Evora (Portugal).

Jain, D. K., A. K. Sharma and A. P. Ruhil, 2005. Role of information
technology in dairy science: a review. Indian Journal of Animal Sci-
ences, 75 (8): 985-991.

Kompas, T. and T. N. Che, 2006. Technology choice and efficiency on
Australian dairy farms. Australian Journal of Agricultural and Re-
source Economics, 50 (1): 65-83.

Marco, J. L., T. S. Cuesta, C. . Resch and C. J. Alvarez, 2008. Analy-
sis of Layout Design Models using a Multi-Criteria Function: Dairy
Housing in Galicia (NW of Spain). Transactions of the ASABE, 51 (6):
2105-2111.

Marey, M. F., E. R. Diaz, J. A. Riveiro and C. J. Alvarez, 2011. Car-
acterizacion técnico-econdmica de las explotaciones lecheras con los
mejores indicadores de eficiencia en la provincia de Lugo (Galicia). /n-
ternational Congress on Project Engineering, Huesca, Spain.

Maseda, F., F. Diaz and C. J. Alvarez, 2004. Family Dairy Farms in Gali-
cia (N. W. Spain): Classification by Some Family and Farm Factors Rel-
evant to Quality of Life. Biosystems Engineering, 87 (4): 509-521.

Mattila, T., M. Manninen, P. Rikkonen and H. R. Kymalainen, 2008.
Management of investment processes on Finnish farms. Agricultural
and Food Science, 17 (1): 18-30.

Pereira, J. M., M. Barrasa, C. J. Alvarez and J. Bueno, 2005. Prediction
of dairy cattle housing cost with different cleaning systems. Transac-
tions of the ASAE, 48 (1): 307-314.

Riveiro, J. A., M. F. Marey, J. L. Marco and C. J. Alvarez, 2008. Pro-
cedure for classification and characterization of farms for agricultural
production planning. Aplication in the Nortwest of Spain. Computer and
Electronics in Agriculture, 61 (2): 169-178.

Rodriguez-Couso, M., M. Teijido and C. J. Alvarez, 2006. Rural De-
velopment in Galicia (north-west Spain). Outlook on Agriculture, 35
(3): 183-189.

Scheaffer, R. L., 1987. Elementos de Muestreo. Grupo Editorial Iberoamer-
icano. México, México.

Van Waveren, W., 2009. Cost comparison report. (3° part). European
Dairy Farmers Congress 2009. Quality of Life and Labour Manage-
ment in Dairy Farming. 24 to 26 June, Cork, Ireland.

Yang, W., P. Winter, S. Sokhansanj, H. Wood and B. Crerer, 2005. Dis-
crimination of Hard-to-pop Popcorn Kernels by Machine Vision and
Neural Networks. Biosystems Engineering, 91 (1): 1-8.

Received August, 4, 2013, accepted for printing December, 2, 2013.



