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ABSTRACT

The economic efficiency of dairy farms is the main
goal of farmers. The objective of this work was to use
routinely available information at the dairy farm level
to develop an index of profitability to rank dairy farms
and to assist the decision-making process of farmers to
increase the economic efficiency of the entire system.
A stochastic modeling approach was used to study the
relationships between inputs and profitability (i.e.,
income over feed cost; IOFC) of dairy cattle farms.
The IOFC was calculated as: milk revenue + value of
male calves + culling revenue — herd feed costs. Two
databases were created. The first one was a develop-
ment database, which was created from technical and
economic variables collected in 135 dairy farms. The
second one was a synthetic database (sDB) created
from 5,000 synthetic dairy farms using the Monte Carlo
technique and based on the characteristics of the devel-
opment database data. The sDB was used to develop
a ranking index as follows: (1) principal component
analysis (PCA), excluding IOFC, was used to identify
principal components (sPC); and (2) coefficient esti-
mates of a multiple regression of the IOFC on the sPC
were obtained. Then, the eigenvectors of the sPC were
used to compute the principal component values for the
original 135 dairy farms that were used with the mul-
tiple regression coefficient estimates to predict IOFC
(dRI; ranking index from development database). The
dRI was used to rank the original 135 dairy farms. The
PCA explained 77.6% of the sDB variability and 4
sPC were selected. The sPC were associated with herd
profile, milk quality and payment, poor management,
and reproduction based on the significant variables of
the sPC. The mean IOFC in the sDB was 0.1377 +
0.0162 euros per liter of milk (€/L). The dRI explained
81% of the variability of the IOFC calculated for the
135 original farms. When the number of farms below
and above 1 standard deviation (SD) of the dRI were
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calculated, we found that 21 farms had dRI < —1 SD,
32 farms were between —1 SD and 0, 67 farms were
between 0 and +1 SD, and 15 farms had dRI > +1
SD. The top 10% of the farms had a dRI greater than
0.170 €/L, whereas the bottom 10% farms had a dRI
lower than 0.116 €/L. This stochastic approach allowed
us to understand the relationships among the inputs of
the studied dairy farms and to develop a ranking index
for comparison purposes. The developed methodology
may be improved by using more inputs at the dairy
farm level and considering the actual cost to measure
profitability.

Key words: principal component analysis, ranking
index, decision making unit, modeling

INTRODUCTION

The competitiveness of dairy farms often depends
more on the improvement of technology and efficiency
than on the size of the farms (Tauer, 2001; Cabrera et
al., 2010). Differences in input combinations can change
farm efficiency; hence, adequate technical strategies
must be carried out to increase the efficiency of the
farm production process (Stokes et al., 2007). Manage-
rial capacity and approaches are highly associated with
farm performance and efficiency (Solano et al., 2006).
As highlighted by Solis et al. (2009) and Cabrera et
al. (2010), the study of the sources of inefficiency at
the farm level could be helpful to farmers who want
to improve their farm performance and also for policy-
makers who want to promote actions and interventions
to improve productivity and economics.

The improvement of dairy farm efficiency has fre-
quently been obtained by benchmarking partial indica-
tors, such as the amount of a known input used per unit
of output (Fraser and Cordina, 1999). However, several
studies demonstrated that the use of partial indica-
tors of technical efficiency is an inadequate approach
to improve productivity, mainly because they are very
dependent on the input used and one cannot assess if
factors affected the numerator or the denominator of
the partial indicator (Stokes et al., 2007) Furthermore,
maximizing one indicator at a time may directly or in-
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directly affect other correlated inputs or outputs (Fra-
ser and Cordina, 1999). The improvement of technical
efficiency is usually driven by the goal of maximizing
the annual profit (Huirne et al., 1997). Conversely, the
increase in annual profit by only maximizing technical
efficiency can impair the economic efficiency in some
cases (St-Pierre, 2001). Hence, farm efficiency should
be evaluated by considering technical performance and
economic outputs concurrently.

In certain production conditions, the optimal combi-
nation of inputs available to farmers can be identified
by studying the profitability of the best farms (i.e., the
most efficient decision making units). For this reason,
it is important to develop a comprehensive indicator of
profitability and efficiency to rank the decision mak-
ing units and to benchmark their economic efficiency.
The income over feed cost (IOFC = milk and meat
direct revenues — feed costs) has often been used as an
indicator of profitability of dairy farms when informa-
tion on fixed costs is not available, and is also highly
associated with short-term farm choices (Oleggini et
al., 2001; St-Pierre, 2001; Ely et al., 2003; Bailey et al.,
2005; Cabrera, 2010).

A multivariate approach can be used to manage the
large number of farm inputs that are routinely col-
lected by the farmer association, the milk plant, or the
farm management software. The principal component
analysis (PCA; Pearson, 1901) can be used to reduce
the dimensionality of the data by taking into account
the mean square error (Jolliffe, 1986; Jackson, 1991;
Fodor, 2002). The PCA has been used to identify indi-
cators of lactation persistency (Macciotta et al., 2006)
and in farm management studies (Enevoldsen et al.,
1996; Fahey et al., 2002; Tozer et al., 2003; Tauer and
Mishra, 2006; Dechow et al., 2011). Kristensen et al.
(2008) studied the effect of key performance indicators
on the long-term financial performance of dairy farms
by aggregating input variables based on empirical rela-
tionships developed on previous studies, instead of mul-
tivariate analysis, then classifying the key performance
indicators (i.e., low, medium, and high) and regressing
them on gross margin. In our case, the multivariate
analysis could help to identify the main synergy among
input variables of the dairy farm system, considering
that no previous studies were carried out in this system
to identify aggregation criteria. In addition, a stochas-
tic approach combined with PCA could overcome the
shortage of measured values in real dairy farms, by
considering combinations that might be better than
the existing ones and that might be useful to set new
targets for the best farms as well.

The objectives of this work were (1) to find a com-
prehensive index of profitability based on information
routinely available at the farm level, and (2) to evaluate

3379

existing and new combinations of inputs and outputs to
provide useful information to assist in the short-term
decision-making process and to improve the economic
efficiency of dairy farms.

MATERIALS AND METHODS
Database and Calculations

The data used in this work were from 135 dairy cattle
farms located in Arborea (Sardinia, Italy) from Octo-
ber 2009 to September 2010. Eighteen technical and
economic variables (original variables) were collected
monthly by either the Ttalian Farmer Association (AIA;
i.e., counts and performances of primiparous, multipa-
rous, replacement cattle, dry cows, and culled cows)
or the cooperative milk processing plant to which the
farmers were associated (i.e., amount of milk sold, milk
composition, and milk price). Table 1 has the list of the
original variables and Figure 1 has the sequence and
graphical representation of the calculations described
below.

In the first step, the annual average of these 18 vari-
ables was calculated for each farm and used to build a
development database (dDB). Then, their probability
distributions and the Spearman correlations among
the variables were obtained with @Risk 5.5 software
(Palisade Corporation, Ithaca, NY), and the best dis-
tribution for each variable was chosen based on the x*
statistic. The descriptive statistics and the selected dis-
tributions for each variable in the dDB are in Table 1.

In the second step, to obtain a broader number of
variable combinations than that observed in the stud-
ied farms, a synthetic database (i.e., artificially simu-
lated database; sDB) was created with 5,000 synthetic
dairy farms, in which a specific combination of the 18
variables was used. The 18 variables were randomly
sampled based on their distributions and Spearman
correlations. The simulation was performed with the
Monte Carlo technique using the @Risk 5.5 software
to maintain the same statistical characteristics of the
dDB. This stochastic approach was used to study the
relationships among these variables used as input vari-
ables in computing profitability.

In the third step, the income over feed cost for the
sDB (sIOFC) was calculated as shown in Equation [1]:

sIOFC = (milk revenue + value of male calves
+ culling revenue) — herd feed costs, 1]
where sIOFC is income over feed cost for the sDB, in

euros (€); milk revenue is liters of milk sold x milk
price (€/L); value of male calves is number of male
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Table 1. Descriptive statistics of input variables and computed income over feed cost (IOFC) obtained from the development data set (n =

135 dairy farms)

Range (maximum

Variable Unit Mean SD to minimum) Distribution
Potential production level'? L at 305 DIM 10,294 946 13,139 to 6,968 Normal
Primiparous’ Number 42.1 29.8 180.0 to 5.6 Log logistic
Multiparous' Number 72.4 37.9 310.3 to 21.3 Gamma

Dry cows' Number 19.0 11.3 80.0 to 4.6 Inverse Gauss
Replacement per yearl Number 52.0 28.6 226.8 to 14.0 Gamma
Calves' Number 120.3  68.6 544.0 to 21.8 Log normal
Age at first calving' Months 28.2 3.1 69.3 to 23.4 Pearson

Age at culling’ Months 68.4 11.3 169.7 to 51.7 Inverse Gauss
Culled cows' Number 37.5 25.0 17.5 to 0.7 Extreme value
Days open’ Days 164.4 26.9 259.2 to 115.1 Weibull

Milk sold? ) 1,000 L/yr 974.3  569.5 3,972.5 to 241.8 Inverse Gauss
Milk fat content® o 3.78 0.14 4.28 to 3.33 Gamma

Milk protein content® % 3.35 0.08 3.76 to 3.16 Gamma

Milk price® €/1,000 L 353.26  13.70 397.66 to 316.19 Weibull
Bonus fat® ) €/1,000 L 5.46 4.78 28.19 to —14.93 Log logistic
Bonus protein® €/1,000 L 6.25 4.06 34.22 to —0.63 Pearson
Bonus SCC‘O’t €/1,000 L 5.53 8.14 17.04 to —17.04 Triangular
Bonus other” €/1,000 L 10.12 3.95 14.20 to —4.30 Betageneral
Farm profitability, IOFC* €/L 0.138  0.162 0.175 to 0.066 Betageneral

'From farmer association.

’It represents the phenotypic mean of the genetic level of the herd.
3From the milk processing plant.

1Our calculation.

calves x 50 €/calf; culling revenue is number of culled
cows x 300 €/cow; and herd feeding costs is herd en-
ergy requirements (Mcal) x 0.158 (€/Mcal).

Regarding the value of calves and culled cows, the
studied farms are part of a cooperative service that
collects: (a) all male calves few days after birth, paying
the same price to all farmers, and (b) all culled cows,
paying a fixed price per kilogram of live weight. The
income of the farmers might vary depending on the
weight of culled cows, but no data of animal weights
of each farm were available. Thus, we used the average
price paid by the cooperative for culled cows.

In Eq. [1], the IOFC was assumed to be an indica~
tor of profitability because no information about fixed
costs was available for the studied farms. The coopera-
tive milk processing plant to which the studied farms
were associated calculated the milk price on the basis
of the quality of the milk sold, fat and protein content,
SCC, bacterial count, cryoscopy, and farm involvement
in quality and traceability programs. Feeding costs were
assumed to be equal in all farms and were calculated
as proportion of total energy requirements, considering
the recommendations of the NRC (2001) for mainte-
nance, lactation, pregnancy, and growth of the cattle
in the herd.

Statistical Analyses

All statistical analyses conducted with the dDB and
sDB were performed using SAS Version 9.3 (SAS Insti-
tute, Cary, NC).
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Analyses with the Synthetic Database. A PCA
was performed in the sDB, excluding the sIOFC, with
the PROC COMP. The principal components (PC) of
the sDB (sPC; n = 5,000 for each selected PC) that
explained at least 75% of variance were selected. Sub-
sequently, each selected PC was matched with manage-
rial and technical aspects of the farm. Then, a multiple
regression analysis of sSIOFC on selected sPC scores was
performed with the PROC REG to estimate the coef-
ficients of the relationship between profitability (i.e.,
IOFC) and the input variables as shown in Equation [2]:

sIOFC = a + sPC1 X, 4+ sPC2 X,
+ ... +sPCn X, +e, 2]

where a is the intercept that represents the average of
the sIOFC; sPC1 is the score of the first PC of the sDB;
X, is the regression coefficient of PC1 and so forth; and
e is the random error.

A ranking index for the sDB (sRI) was computed
using the coefficients estimated with Equation [2] as a
proxy for the farm profitability as follows (Equation [3]):

sRI = a + sPC1 X; + sPC2 X, + .... + sPCn X,. [3]

To evaluate the adequacy in predicting sSIOFC with the
sRI, adequacy statistics were obtained with the Model
Evaluation System (Tedeschi, 2006; http://nutrition-
models.tamu.edu/mes.html), including model precision
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Figure 1. Schematic representation of the calculations. MCA = Monte Carlo analysis; PCA = principal component analysis; dotted line

represents the evaluation process.

(R% Neter et al., 1996), accuracy (Lin, 1989), mean bias
(MB; Cochran and Cox, 1957), and mean square error
of prediction (MSEP; Bibby and Toutenburg, 1977)
and its decomposition in 3 components (Theil, 1961).

Analyses with the Development Database. The
eigenvectors of the sPC (Table 2) were used to esti-
mate the PC scores of the dDB (dPC; n = 135 for
each selected PC). Similarly, the regression coefficients
estimated with Equation [2] (i.e., X, Xy, .... X,) were
multiplied by the estimated dPC to obtain the ranking
index for the 135 original farms (dRI) as shown in
Equation [4]:

dRI = a + dPC1 X, + dPC2 X, + .... + dPCn X,,
[4]

where a, X, X,, and X, were defined in Equation [2].
Finally, each term of this equation was calculated for

each farm and reported as the percentage of the aver-
age dRI (i.e., the estimated value for a).

RESULTS

The studied dairy farms had on average 115 cows, ca.
95% of them being Italian Holsteins and the remaining
Italian Brown cows. About 64% of the cows were mul-
tiparous and 36% were primiparous. On average, farms
produced 1.05 calves/yr and approximately 8,500 L of
milk/yr per cow, with 3.78% of fat and 3.35% of pro-
tein in the milk (Table 1). The equivalent mature cow
production at 305 DIM was 10,294 L/yr per cow. The
productive life of the cows was on average 2.7 lacta-
tions, considering the average calving interval reported
by the Italian Farmer Association for the cows in the
province of Oristano (AIA, 2011).

Four PC were selected by the PCA performed in the
sDB. Based on their significance in accounting for the
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Table 2. Eigenvectors of the principal component (PC) obtained with the PC analysis of the synthetic

database (n = 5,000 synthetic dairy farms)

PC2
PC1 (milk quality PC3 PC4

Input variable (herd profile)  and payment)  (poor management)  (reproduction)
Primiparous 0.35 0.04 0.05 —0.04
Multiparous 0.37 0.03 0.15 —0.03
Dry cows 0.35 0.02 0.17 0.12
Replacement per year 0.36 0.03 0.13 —0.08
Calves 0.37 0.02 0.10 —0.03
Culled cows 0.35 —0.01 0.12 0.00
Milk sold 0.38 0.04 0.05 —0.01
Milk fat content —0.09 0.41 0.14 —0.18
Milk protein content —0.09 0.36 0.23 —0.10
Milk price 0.02 0.48 —0.16 0.11
Bonus fat —0.09 0.40 0.15 —0.18
Bonus protein —0.07 0.38 0.19 —0.06
Bonus other 0.08 0.32 —0.27 0.17
Potential production level 0.12 0.03 —0.40 0.22
Age at first calving —0.11 —0.04 0.38 0.12
Age at culling —0.11 —0.08 0.40 0.26
Bonus somatic cell count 0.10 0.22 —0.38 0.32
Days open —0.07 0.06 0.26 0.79
Explained variability, % 37.4 20.2 15.6 4.4

"Values greater than 0.3 and smaller than —0.3 were used to associate the PC with a specific managerial and
technical aspect (within parentheses below the PC) of the dairy farms.

total variation, they could be matched to 4 managerial
and technical aspects of the farms: herd profile (HP),
milk quality and payment (MQP), poor management
(PM), and reproduction (RE) for sPC1, sPC2, sPC3,
and sPC4, respectively. The total variance of the sDB
was equal to the number of original standardized vari-
ables (02 = 18; which corresponds to 324,373,789,543
obtained from the variance — covariance matrix) and
the selected PC explained 77.6% of the original vari-
ance, with an eigenvalue equal to 13.96 (Table 2). The
HP was positively associated with the number of ani-
mals for each physiological stage and with the amount
of milk sold. The MQP was positively associated with
the milk fat and protein contents and their economic
values. The PM was associated negatively with the
potential production level of the herd and SCC, and
positively with the age at first calving (i.e., presence
of old cows), which is an inadequate management goal.
The RE was positively associated with days open,
which was the only reproductive variable available in
the original database.

Equation [5] shows the coefficient estimates for the
X, Xy, X3, and X, parameters that were subsequently
used to compute sRI of Equation [3]. It also has the es-
timated average for the sSIOFC (a = €0.1377 £ 0.0162).

sRI = 0.1377 + 0.00131 x sPC1 + 0.00542
x sPC2 — 0.00681 x sPC3 + 0.00410 x sPC4;

(1* = 0.745, n = 5,000, MSE = 0.0002),  [5]
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where sRI is ranking index predicted for the sDB;
sPC1, sPC2, sPC3, and sPC4 are the selected PC that
represent herd profile, milk quality and payment, poor
management, and reproduction, respectively.

The sRI obtained with Equation [5] was very accu-
rate (correlation bias = 0.99) and highly precise (R* =
0.74) (Figure 2). It had a MB (€/L) of nearly zero (P
= 0.99) and the root of MSEP was —0.00034 €/L. The
decomposition of the MSEP consisted of 0.3% for MB,
9.7% for systematic bias, and 90% for random errors.
Therefore, the sRI was assumed to be an acceptable
index (high precision and accuracy) to represent profit-
ability (i.e., IOFC).

When Equation [5] was used to compute dRI of the
original variables in the dDB (n = 135), 81% of the
variability of the calculated IOFC for the dDB was
explained. The dRI of the ranked farms ranged from
+0.024 €/L to —0.082 €/L of the mean IOFC (Figure
3). Considering the number of farms below and above
1 SD of the dRI, 21 farms had dRI less than —1 SD,
32 farms were between —1 SD and 0, 67 farms were
between 0 and +1 SD, and 15 farms had dRI greater
than +1 SD. The top 10% of the farms had a dRI
greater than 0.170 €/L, whereas the bottom 10% farms
had a dRI lower than 0.116 €/L.

Figure 4 shows the individual contribution of the
selected PC to the calculated dRI of each farm in the
dDB (n = 135). The MQP and PM represented the
most important managerial and technical aspects that
contributed to the IOFC expressed as dRI (Figure 4);
in particular, HP contributed with 2.5% (ranging from
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Figure 2. Regression of the income over feed cost (SIOFC) on the
ranking index (sRI) for the simulated database (n = 5,000). Statistics
of model adequacy were Cy, = 0.99; R* = 0.74; mean bias (€/L) near-
ly zero (P = 0.99); and the root of mean square error of prediction
(MSEP) = —0.00034 €/L. The decomposition of the mean square er-
ror of prediction consisted of 0.3% for mean bias, 9.7% for systematic
bias, and 90% for random errors. The dotted line represents the linear
regression and the solid line represents the Y = X.

—3.5 to 14.3%) of the dRI, MQP contributed with 7.5%
(ranging from —18.2 to 28.3%) of the dRI, PM con-
tributed with 8.4% (ranging from —46.9 to 15.4%) of
the dRI, and RE contributed with 2.6% (ranging from
—10.2 to 7.6) of the dRI.

DISCUSSION

Our dDB was representative of the dairy farms from
the province of Oristano, used as a case study, because
it included more than 75% of the intensively managed
dairy cows of the province (AIA, 2011). Although the
original database (dDB) had enough information to
compute the IOFC values for each farm, the calcula-
tion of the IOFC by using the selected PC allowed us
to match them to different managerial and technical
aspects of the dairy farms (i.e., HP, MQP, PM, and
RE), which can be used to evaluate profitability. Fur-
thermore, the selected principal components are not
correlated among themselves because they are, by defi-
nition, orthogonally related to each other.

The interpretation of the PC (i.e., HP, MQP, PM,
and RE) affecting IOFC is illustrated for 5 specific
farms in Figure 5. It is interesting to note that the 2
farms (farms 1 and 2) that had positive average stan-
dardized profitability (dRI above the mean, line at zero
value) had positive performances only in certain areas
and negative performances in others, suggesting that
they can target the negative components of their dRI
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to improve their overall profitability (Figure 5). The
contribution of the individual identified technical areas
to profitability is presented as percentage of the overall
mean (€0.1377/L; Figures 4 and 5). In an alternative
application of this method, it could be calculated as
the percentage of the total dRI of a reference farm. In
this case, the reference farm should be the same across
years, so that the relative technical and managerial im-
provements would be consistent among the dairy farms
of the region.

Although the principal component HP explained the
greatest amount of variability in the database (PC1 in
Table 2), it gave the smallest contribution in computing
the dRI, as indicated by the regression coefficients of
Equation [5] and as shown in Figure 4. This finding
suggests that herd profile may have a small effect when
measuring profitability per unit of product (€/L of
milk). However, because the same feed cost per mega-
calories of net energy was applied to all farms and all
animal physiological stages, the relative contribution
of herd profile in explaining the variation in the profit-
ability might have been reduced.

The PM (PC3) and the MQP (PC2) were the PC
that showed the largest influence on the profitability
(Equation [5]). The PM had the greatest effect on the
profitability and was highly variable among the dairy
farms (Figure 4). The production level and the quality
of the milk of the MQP component had similar effects
on the profitability; in fact, farms with high milk qual-
ity and low milk yield can achieve similar profitability
of farms with high milk yield and low milk quality.
This depends on the revenue compensation due to the
milk payment method used in the studied area. When

Figure 3. Sorting of the ranking index (dRI) of the original dairy
farms (n = 135). The results are shown as the difference of each dairy
farm from the mean income over feed cost (IOFC) observed in the
synthetic database (0.138 €/L).

Journal of Dairy Science Vol. 96 No. 5, 2013
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Figure 4. Contribution to the profitability (% of mean IOFC; 0.1377 €/L) of the 4 components associated with managerial and technical
aspects of the farms in the development database: herd profile (A), milk quality and payment (B), “good” management (C; computed as —1 x
poor management estimates), and reproduction (D). IOFC = income over feed cost.

milk fat and protein increased, the milk price increased
faster than the energy content of the milk. These re-
sults may explain the positive correlation between RE
(i.e., days open) and IOFC per liter. Indeed, in previous
calculations carried out to assess the effect of milk pay-
ment method for these farms, we found that cows with
greater DIM, although reaching lower revenues per
cow per day, produced greater IOFC per liter of milk
compared with cows in early lactation [A. S. Atzori
A. Cannas, and G. Pulina (Dipartimento di Agraria,
Sezione di Scienze Zootecniche, Universita di Sassari,
Sassari, Italy), unpublished data]. This fact has also
been reported by several papers evaluating cows with
different milk yields and calving intervals (Arbel et al.,
2001; Auldist et al., 2007).

The fourth PC (RE) was matched with days open
and explained the least amount of the total variabil-

Journal of Dairy Science Vol. 96 No. 5, 2013

ity in the database (Table 2 and Figure 4). This is
in contrast with papers that reported large variability
among farms in reproductive performances of the cows
(Caraviello et al., 2006; Olynk and Wolf, 2008). In our
database, the only variable associated with reproduc-
tion efficiency was days open, which is not considered
an exhaustive variable to describe the fertility status
of a herd and its relative costs and benefits (LeBlanc,
2005). Nevertheless, in our study the PCA assigned a
high effect of RE on profitability, agreeing with several
papers that evaluated the economic importance of re-
production in dairy farms (Arbel et al., 2001; LeBlanc,
2005; De Vries, 2006). Probably, in our results, part
of the variability due to RE was absorbed by the herd
profile component that included milk produced and
sold. Indeed, milk production is always strongly af-
fected by RE. This fact is in agreement with Giordano
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Figure 5. Relative contribution of selected principal components (bar patterns) to profitability in 5 dairy farms. Farms (1 to 5) are ranked
for decreasing income over feed cost (IOFC). The bar patterns represent the relative contribution of the principal components to the mean
dRI (profit, €/L). “Good” management was computed as —1 x poor management estimates. dRI = ranking index from development database.

et al. (2012), who evaluated the economic benefits of
various reproduction programs at farm level and ob-
served that RE had a large effect on milk production,
which in turn accounted for most of the economic ben-
efits in programs with superior economic performance.
In the same study, they also reported that in some
cases replacement cost could greatly affect profitability,
whereas calf value had the lowest effect; similar results
were also obtained by Giordano et al. (2011).

The results obtained in our analysis depended on the
fact that we considered only the IOFC as profitability
indicator. In contrast, Wilson (2011) analyzed total
costs of dairy farms and divided them into 4 classes
based on performance quartiles of net margin (ranging
from 4.68 to —6.96 €/L). The increase in milk produc-
tion was the most important and labor was the second
most important factor influencing the variation of
economic performance among farms. The same author
reported small differences in gross margin when only
variable costs were considered (ranging from 15.80 to
10.53 €/L). The assumption of equal feed cost per unit
of requirements does not represent the actual situation
of the studied area, but, unfortunately, actual feed
costs were not available for each farm. This limitation,
however, has a positive drawback because it allows
highlighting differences in efficiency among farms when
feed market prices and value of calves and culled cows
are the same, which is often true for homogeneous pro-
duction areas, such as that considered in the study. In

addition, it would have been beneficial to have a larger
number of input variables to account for other factors
(e.g., reproduction and sanitary cost, land, facilities,
labor, field operation, energy, machinery, liabilities)
to broaden the scope of our analysis regarding profit-
ability and other areas of intervention. However, these
factors were not available for all farms included in our
database.

Our approach was aimed at finding a comprehensive
indicator of profitability that could be obtained from
variables available at the farm level and could provide
practical guidelines to compare and improve the profit-
ability of dairy farms. The lack of other variables as-
sociated to the production process (e.g., land, labor,
reproduction) often limits the ability to estimate the
absolute efficiency of the farms. Absolute efficiency
is based on the minimization of the amounts of used
inputs and the quantification of the slack of inputs per
unit of output (Stokes et al., 2007). Absolute efficiency
can be estimated with other techniques, such as the
nonparametric data envelopment analysis (Aigner et
al., 1977; Lawson et al., 2004; Stokes et al., 2007) or
the parametric stochastic frontier analysis (Charnes et
al., 1979; Fraser and Cordina, 1999), which are largely
used to study technical and economic profitability and
production efficiency (Tone, 2001; Theodoridis and
Psychoudakis, 2008). These methods have different ob-
jectives from those of our study and, therefore, are not
comparable with our approach.

Journal of Dairy Science Vol. 96 No. 5, 2013



3386

Some studies adopted similar approaches to ours.
For instance, Windig et al. (2005) used PCA and
Enevoldsen et al. (1996) and Fahey et al. (2002) used
factor analysis to identify key variables related with
managerial aspects of dairy farms, but they did not
connect the multivariate output with profitability or
other indicators of farm efficiency. Others studies ac-
counted for profitability, but are not comparable with
our approach because they used a different statistical
analysis from ours, such as the path analysis method
used by Rougoor et al. (1997). On the other hand, the
work of Kristensen et al. (2008) was very similar to
ours, accounted for many input variables, and used a
meta-model approach to simulate the effects of techni-
cal variables on the long-term financial performance
of dairy farms. Kristensen et al. (2008) identified key
performance indicators by aggregating farm-collected
input variables based on empirical, personal experience
and studied their effects on gross margin. Although our
approach identified key variables using PCA, our results
were consistent with those of Kristensen et al. (2008)
in the sense that their key performance indicators were
similar to our PC and the ranking of importance to
explain profitability related to managerial and techni-
cal aspects of the dairy farms was also similar.

Our approach accounted for the variability of the
input variables through PC. It allowed us to use farm
level inputs to identify inefficient management areas
and to assist in the identification of managerial goals
for each farm to improve profitability. The stochastic
approach helped us to understand the relationship be-
tween the input variables of the studied area and to
develop a ranking index for broader application. From
this point of view, a new farm in the same area that has
the same 18 input variables used in our analyses could
calculate its own ranking index by using the estimated
PC scores reported in Table 2 and by multiplying them
by the regression coefficients estimated with Eq. [3]
and shown in Eq. [5]. In this way, this new dairy farm
could be compared with the other 135 dairy farms of
our database. Therefore, the results of our study could
be applied to different farms within the study zone,
whereas the proposed approach could be replicated in
other zones, by following it step-by-step and, if pos-
sible, considering additional original variables. Addi-
tionally, it may be improved by using other inputs (e.g.,
reproduction and sanitary cost, land, facilities, labor,
field operation, energy, machinery, liabilities) collected
at the dairy farm level and considering the actual feed
costs to measure farm profitability.
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