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A two-stage Data Envelopment Analysis (DEA) approach is employed to analyse the
efficiency of dairy farms in mainland Portugal. The data are a 2010 sample from the
European Commission Farm Accountancy Data Network (FADN) of 271 Portuguese
mainland dairy farms. In the first stage, a directional input distance function and DEA
are used to generate overall inefficiency measures and decompose them for each farm.
In the second stage, the inefficiency measures are regressed on environmentaland/or
organizational factors to explain efficiency differentials. Despite environmental and/or
organizational differences, results indicate that most dairy farms in mainland Portugal
can reduce costs by improving allocative efficiency and pure technical efficiency.
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Introduction

Dairy farms in Portugal have suffered profound transformations since the country
accession to the European Economic Community (EEC), in 1986. Many small farmers
have exited the sector, economies of scale have been explored, and the country was able
to justify its national dairy quota up to the present. Table 1 shows the 2010 structure of
mainland Portugal dairy production by Portuguese region (Northwest - NW, Northeast -
NE, and South - S) and by milk delivery bracket. In 2010, the Northwest region
accounted for more than three quarters of the producers and more than two thirds of
milk deliveries.

Table 1: 2010 mainland Portugal milk producers and deliveries bymilk delivery

bracket and Portuguese region

T — Producers Deliveries
# % Tons %

>0e<80_NW 1996 33.9% 51187 4.0%
>=80e <160_NW 790 13.4% 92508 7.2%
>= 160 e < 400_NW 1011 17.2% 263867 20.4%
>= 400 e < 750_NW 469 8.0% 248126 19.2%
>=750_NW 181 3.1% 210859 16.3%
>0e<80_NE 839 14.2% 19279 1.5%
>= 80 e < 160_NE 126 2.1% 14276 1.1%
>= 160 e < 400_NE 138 2.3% 33731 2.6%
>= 400 e < 750_NE 32 0.5% 17471 1.4%
>=750_NE 7 0.1% 13540 1.0%
>0e<80_S 47 0.8% 1675 0.1%
>=80e<160_S 37 0.6% 4279 0.3%
>=160 e <400_S 63 1.1% 17564 1.4%
>=400e<750_S 44 0.7% 24548 1.9%
>=750_5 115 2.0% 278495 21.6%
NW 4447 75.4% 866548 67.1%
NE 1142 19.4% 98298 7.6%
S 306 5.2% 326562 25.3%
Mainland 5895 100.0% 1291407 100.0%

Source: IFAP

The more substantial reforms of the Common Agricultural Policy (CAP) started with
the 1992 MachSarry reform. With this reform, price support decreased and payments to
farmers coupled to crop areas and animals’ heads as well as accompanying measures

(such as the agri-environmental payments) were first introduced. Later on, in 1995, an
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agreement on agriculture was signed within the World Trade Organization (WTO). This
was an outcome of the General Agreement on Tariffs and Trade (GATT) 1986-94
Uruguay Round of trade negotiations. Since then, the EU agriculture and the CAP had
been exposed to the WTO rules and globalization.

When compared with the 1992 MacSharry reform, the 1999 Agenda 2000 CAP reform
was more of the same. Nonetheless, this reform has organized the CAP payments into
two pillars: pillar one, encompassing market support measures, and pillar two, covering
rural development measures. The 2003 Fischler reform first introduced decoupling of
payments from crops and animals. Decoupled payments were converted into a Single
Farm Payment (SFP). In mainland Portugal, however, only in 2007 payments associated
with the dairy quotas have been decoupled, entering the SFP. With the 2008 Health
Check of the CAP, the year 2015 was set as a deadline to finish with the dairy quotas.
Meanwhile, on one hand, dairy quotas have been increased and, on the other hand, dairy
products world prices volatility has also increased.

The decoupling of the CAP payments from dairy quotas in mainland Portugal brought
significant changes to the dairy sector in this territory. Among other, it has accelerated
the exit of small farmers, particularly in the Northwest region. However, CAP Post 2013
projected reform and the end of dairy quotas is about to bring even more dramatic
changes to the country’s dairy sector. According to two recent reports (AGRO.GES,
2011; Sottomayor ef al., 2012), the change of the CAP structure of payments to farmers
will penalize dairy intensive farms, mostly located in the Northwest region, and the end
of dairy quotas will further increase competition in the sector. Consequently, many
dairy farms, particularly in the Northwest region, will disappear and as a result dairy
production in the country may substantially decline.

The available data for this research are from the year 2010, in between CAP payments
decoupling from dairy quotas in mainland Portugal, in 2007, and the first year of CAP
Post 2013 reform implementation, in 2014.

How can dairy farms in mainland Portugal improve their economic efficiency? What
can they do to reduce their costs further? To answer these questions a two-stage Data
Envelopment Analysis (DEA) approach is used. In the first stage, overall cost,
allocative, scale, congestion, and pure technical inefficiency estimates are computed for

each dairy farm using DEA. These input-based static inefficiency measures are
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generated from the duality between the cost function and the input directional distance
function (Chambers et al., 1996). In the second stage, maximum likelihood and the
single bootstrap procedure of Simar & Wilson (2007) are employed, respectively, to
regress the inefficiency estimates on environmental and/or organizational factor sand to
build confidence intervals for regression coefficients.

Efficiency and productivity analysis has been used to assess the performance of dairy
farms. Tauer (1998) used a Malmquist index to measure the productivity changes of 70
New York dairy farms from 1985 to 1993. Ma et al. (2007) estimated the total factor
productivity (TFP) of suburban dairy farms and of the entire dairy sector in China from
1992 to 2003. Mkhabela ef al. (2010) fit production functions and frontiers to a panel
data covering 37 dairy farms during 9 years, in Kwa-Zulo Natal, South Africa. Atsheba
et al. (2011) used a Malmquist productivity index to measure the growth in productivity
caused by bovine breeding in milk production. Chidmi et al (2011) analyzed the
determinants of technical efficiency for dairy farms in the state of Wisconsin, with an
unbalanced panel including 1151 farm observations from 2004 to 2008. Emvalomatis et
al. (2011) extended the stochastic distance function model to allow autocorrelation of
the error term (as a measure of persistency of inefficiency over time) and applied the
model to two panels of dairy farms from Germany and the Netherlands, using data
obtained from the European Commission Farm Accountancy Data Network (FADN).
Serra ef al. (2011) assessed the dynamic efficiencies of Dutch dairy farms over the
period 1995-2005, with FADN data. Armagan & Nizan (2012) determined the total
factor productivity (TFP) and efficiency of Turkish dairy farms, using a sample data of
100 dairy farms obtained from the Cattle Breeders Association of Aydin-Turkey by
means of a stratified sampling, in 2006. Murova & Chidmi (2013) assessed technical
efficiency of US dairy farms using Stochastic Frontier Analysis (SFA) and Data
Envelopment Analysis (DEA) methods.

The article unfolds as follows: Inefficiency measures using a directional input distance
function are presented in section 2; the two-stage DEA approach to analyze efficiency is
discussed in section 3; a description of the data is done in section 4; the empirical results
are presented in section 5; conclusions and policy implications are addressed in section

6.
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Inefficiency measures

Directional distance functions are more general representations of production
technologies. They contain as particular cases radial distance functions (Chambers et

al., 1996), providing difference measures rather than ratio measures,

Behavioral assumptions are required for estimating economic inefficiency measures.
Most of the dairy farms in mainland Portugal are family farms and therefore profit
maximization needs not to be their main goal. In this research, dairy farms are assumed
as cost minimizing Decision Making Units (DMU). The assumption is consistent with
the existence of dairy quotas in the sector. Thus, the inefficiency measures employed
are input-based and generated using the directional input distance function proposed by

Chambers et al. (1996).

The directional input distance function is formally defined as:

f)[ (y, x; gx): sup{@ eR: (x—&gx) € L(y)}, if (x—6g,)e L(y) for some 0,
4

D, (y,%:€,) = oo, otherwise, )

Where L(y) is the input requirement set, x € R. is a vector of inputs, y € R a vector
of outputs and g_eRY, g, #0,, denotes a directional vector. The directional input
distance function projects the input vector, in a pre-assigned direction, onto the input
isoquant. This direction can differ from the radial direction of the origin, implying the
directional distance function is a more general representation of the production

technology (Chambers ef al., 1998). Since &g, is subtracted from x, this function
contracts inputs in the direction (-g ). If xe L(y), ﬁ(y, x;2,)20. f)! O,x:2,)<0
implies x ¢ L(y).

Under strong inputs disposability, Chambers ef al. (1996) showed that the directional
distance function is a complete representation of the production technology. Duality

between the directional input distance function and the cost function allows an additive

decomposition of cost inefficiency. Following Chambers ef al. (1996,1998):

wx—C(y,w)

: =D,(»,x;8,)+ AIE @)
wg,
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where C(y,w) is the cost function, D, (y,x;g,) is the directional input distance function

representing input technical inefficiency, and AJ/E is a residual component indicating
allocative inefficiency. The left-hand side of (2) is the overall cost inefficiency measure.
Cost inefficiency is measured by the difference between actual cost and minimum cost,

normalized by the value of the directional vector. The chosen directional vector is the

§ . 1
nput vector, 1.e., g, = x.

Input technical inefficiency is further decomposed into three components: scale
inefficiency, congestion inefficiency, and pure technical inefficiency. The
decomposition of technical inefficiency proposed by Fére er al. (1994) is multiplicative
since it is based on the Shephard input distance function. In contrast, and as in Costa et

al. (2010), the decomposition established in this research is additive:
D,(y.xx]C,8)=S,(y.x; x| §)+ C, (v, x:x | V) + F; (3, x:x | V', W) 3)
where C and V denote, respectively, constant and variable returns to scale, S and W
indicate, respectively, strong and weak disposability of inputs, 5 : (y, x; x| S) is the scale
inefficiency measure, C‘, (v, x| V) is the congestion inefficiency measure and

ﬁ} (y, xx|V, W) is the pure technical inefficiency measure.
The scale inefficiency measure is defined as:
8, (vxx| §)=D.(3%% C.8)- D, x:x1V.5) 4

with S,(y,x;x|§)>0. Note that L(JV,S)c L(OAC,S) (Fére et al, 1994). If

S,(»,x;x|8)=0, the dairy farm is scale efficient, since it is equally technically

inefficient relative to (C,S) and (¥,S) technologies. S, (y,x;x|S)>0 indicates the dairy

farm is scale inefficient since it is more technically inefficient relative to technology

(C,S) than to technology (V.S). The sources of scale inefficiency can be identified by

"With gx=x the directional vector is DMU specific and determined by each dairy farm input vector. In
this case, the radial input distance function can be recovered from the directional input distance function
(Chambers, Chung, and Fire, 1996). Although it is possible to make a radial interpretation of the
inefficiency measures used in this article, the choice of the observed input vector as the directional vector
does not imply radial inefficiency measures. Rather, the inefficiency measures employed in this study are
still directional and the decompositions in (2) and (3) are additive as opposed to multiplicative
decompositions that are based on radial distance functions.
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comparing D, (v,x;x|C,S) with D,(y,x;x|N,S), where N denotes non-increasing
returns to scale. If D,(y,x;x|C,S)=D,(y,x;x| N,S), scale inefficiency is due to

increasing returns to scale (IRS). D,(y,x;x|C,8)> D,(y,x;x| N.S) indicates scale

inefficiency is due to decreasing returns to scale (DRS).
The congestion inefficiency measure is given by:
E'I(y,x;x|V)zﬁ,(y,x;x[V,S)—f),(y,x;ﬂV,W) (%)

where C,(y,x;x|7)>0. Note that LGV, W) < LIV, S). If C,(y,x;x|¥)=0, there

is no input congestion inefficiency. C‘,(y,x;le)>O indicates input congestion

inefficiency.

The pure technical inefficiency measure is the input measure of technical inefficiency

relative to a (V, W) technology, that is:
E(,xx |V, W)= D,(y,x;x|V,W) (6)
Given (2) and (3), the overall cost inefficiency measure is decomposed as follows:
0, (y.xw;x|C,8)=S,(y,x:2,18)+C, (%2, |V)+ F, (. x: 2, |V, W)+ AIE (7)

wx—C(y,w)

where O, (y,x,w;x| C,8)= and AIE is residually determined.

The two-stage DEA approach

The DEA approach in this article involves two stages. In the first stage, the inefficiency
scores for each dairy farm are generated using DEA. In the second stage, the single
bootstrap procedure of Simar & Wilson (2007) is employed to investigate the impact of

environmental and/or organizational factors on the inefficiency scores.
First Stage

The input-based inefficiency measures discussed in the previous section are computed
using DEA. DEA is a non-parametric programming method that has been widely used

in the evaluation of productive inefficiency as well as environmental performance and
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productivity growth (Chavas & Aliber, 1993; Costa ef al., 2010; Fére et al., 2004; Fire
et al., 1994; Lansink & Silva, 2004, 2003; Murova & Chidmi, 2013; Tauer, 1998).

Consider a sample of K dairy farming DMUs and let y* and x* be, respectively, the
vector of observed outputs and inputs for DMU, k and w the vector of input prices faced
by all DMUs. To generate the cost inefficiency measure presented in the previous
section, the minimum cost for each DMU £, 4#=1,...,K, is computed by running the

following cost minimization problem:
“ w)=mi VE<NY Yy m=L..M;x =2y ¥x),n=1..N;
C(y*,w) rggl{wx vE Zj: yi.m=1..,M;x, ; %5 =1,..., N

220,j=1,,K} ®)

where A’ is the intensity variable of DMUj.

The decomposition of technical inefficiency in (3) requires solving several linear
mathematical programming problems. In particular, the inefficiency measures in (4)-(6)
require generating measures of technical inefficiency relative to different production
technologies. The measure of technical inefficiency relative to a (C,S) technology for

DMU £ is obtained by solving the following problem:

a4

D, (y*,x*;5*|C.8) = max{@ yE <Y Mylm=1,..,M;
J

x(1-0)2) Vxl.n=1.,N;¥ 20,/ —1,,,,K}(9)
J.

The other measures of technical inefficiency are computed in a similar fashion.

D,(y,x;x|V,S8) is computed as in (9) by adding the constraint YA =1;

J
f)f (y,x;xlN,S) is computed similarly by adding the constraint on the intensity

variables Zif <1. The measure of technical inefficiency relative to a (V,W)
I}

technology is computed for each dairy farm £ as follows:
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D, (%, x*;x*

VW)= max{ﬁ Y S Y A yhm=1,.,M;
a,x ;
xf(1-0)2 Y #x), n=1,.,N%;
J

X (1-0)=> ¥x], n=N* +1,N* +2..,N;(10)
J

YA =1L 20,;‘=1,,,,K}
J

where N* is the number of inputs that are strongly disposable and (N —N*%) is the
number of inputs that are weakly disposable. Weak disposability is imposed by using

the strict equality on the (N —N®) input constraints.

Second Stage

The second stage involves an explanatory analysis of the inefficiency scores using
environmental and/or organizational variables commonly assumed to influence the
efficiency performance of dairy farms. Let 5 be a KxI vector of inefficiency scores
and Z be a K xr-matrix of observations on 7 environmental and/or organizational
factors. Following the traditional approach, a maximum likelihood regression model

would be specified as follows:
5=2ZB+£20 (11)
where J is a K x1-vector of parameters.

Because of the size of the sample versusthe number of outputs and inputs considered,
the single bootstrap procedure of Simar & Wilson (2007) is used.? A detailed

description of the corresponding algorithm can be found in Costa ef al. (2010).

Data

Cross sectional 2010 data from 271 specialized dairy farms operating in mainland

Portugal are available for this research.” Sottomayor ez al. (2012) classified these farms

% The results of the Monte Carlo experiments conducted by Simar & Wilson (2007) for each algorithm
(single and double bootstrap) indicate that, for small samples sizes and/or larger model dimensions, the
root-mean—square-error of the parameter estimators and the variance estimator is lower when the single
bootstrap algorithm is used.
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according to regional location in mainland Portugal (Northwest - NW, Northeast - NE,
and South - S) and milk delivery bracket (>0 a < 80 ton, >=80 a < 160 ton, >=160 a <
400 ton, >=400 a < 750 ton, and >=750 ton of milk production per year). Table 2

describes the eleven farms types identified.

Table 2: Mainland Portugal farm types

Number of Milk UAA AWU
Milk tons per farms #of Milkkg .
Farm type i [F1.7.% % Forage #  Family
year RICA 2010 | Tons dairy per ha % rented irmigated area/UAA |AWU %
sample cows cow
F1_NW >0e<80 371 36 7 4909 3.95 14% 69% 112 1.58 98%
F2_NW >=80e <150 67| 122 20 6212 8126 14% 73% 1.48| 1.93 94%
F3_NW >=150e <400 68| 261 34 7577| 10.63 31% 82% 172 2.21 80%
F4_NW >=400e <750 18] 468 53  B8852| 18.87 39% 7% 1.73] 3.05 82%
F5_NW >=750 11 1173 127 9258( 30.73 51% 87% 1.73] 4.29 39%
F6_NE >0e<80 150 34 9 3759 23.01 9% 9% 0.52| 1.40 99%
F7_NE >=80e <150 17| 116 21 5491) 45.28 22% 6% 0.43] 1.76 99%
F8_NE >=150 e <400 18 230 33 7001| 41.69 21% 8% 0.65[ 1.68 99%
F9_S >0e<150 I 72 14 5333| 9.66 0% 0% 0.80| 1.84 100%
F10_S >=150e < 400 9] N1 38 7135| 40.97 9% 1% 0.56| 1.97 61%
F11.§ >=400 3| 716 100  7161| 14.88 0% 35% 0.75 3.05 31%
NW All NW 201 238 30 7904/ 872 32% 78% 161 2.18 83%,
NE All NE 51| 106 18 5877| 30.63 16% 8% 0.55| 1.54 99%
5 AllS 19| 592 83 7123] 211 2% 25% 0.71| 2.79 39%
Mainland All 271 255 34 7510] 13.34 22% 46% 1.10] 2.14 78%

Source: Sottomayor et al. (2012).

The data set contains money values and (occasionally) prices and quantities of outputs
and inputs of dairy farms. It also contains information on environmental and/or

organizational factors affecting dairy farm’s operational efficiency.

The small sample size and/or the number of dimensions can be a challenge for DEA in
the first stage. The data set used in this research is not far from the desirable standards

pointed out in the DEA literature.”

First Stage Data

? The data were provided by RICA (the Portuguese branch of the EU Farm Accountancy Data Network -
FADN) under a project commissioned by the National Federation of Dairy Cooperatives (Federagdo
Nacional das Cooperativas de Leite e Lacticinios - FENALAC) for assessment of the impacts of the CAP
Post 2013 reform proposals on the dairy sector in mainland Portugal (see Sottomayor et al., 2012).

* The practitioner rule for DEA suggests the need for 100 observations for each dimension. The rule is
interpreted in the literature as a desideratum rather than a necessary condition. The sample size falls little
below the referred thresholds.
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For the first stage analysis one distinguished two outputs and three inputs. The outputs
are milk ( y, )’ and CAP payments ( ¥, ). The inputs are intermediate consumptions (x;),
capital (xz) and labour (x3). The quantities of the output and of the three inputs are all
measured in 2010 monetary values and the prices are all set to one. Thus, quality
differences across dairy farms are reflected in output and input quantities (Cox &
Wohlgenant, 1986). In this way, the outputs and the inputs considered are homogeneous

and one can talk about a single production frontier.
The capital input takes into account depreciation, rent, and interest. It includes land.

The labour input is mostly family labour. In each dairy farm, family members have
different opportunities in the external labour market, being some of the family labour
not transferable. The different opportunity costs attributed to the different types of
family labour are stated in the FADN 2010 mainland Portuguese dairy farms data and
are taken into account when computing the labor input for each dairy farm in monetary

values 0of 2010.

Finally, prior to first stage estimation, all quantities have been normalized, i.e., they

have been divided by their respective averages.
Second Stage Data

Several environmental and/or organizational factors have been identified as having

significant influence on dairy farms performance. They are:
i) The number of dairy cows (ndc);
i) The Utilized Agricultural Area (vaa);
ii) Milk per dairy cow (mpc);
iv) The share of milk output and subsidies on total output and subsidies received
by dairy farms (smilk);
v) The share of Dairy Livestock Units — DLU - on Grazing Livestock Units -
GLU (sdlug);

vi) The share of DLU on Total Livestock Units - TLU - (sdlut);

* Other outputs are translated in equivalent milk. In specialized dairy farms, the sharc of milk on the total
output produced is high.
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vii) The share of land on capital (sland);

viii) The share of rented UAA (ruaa);

ix) The share of irrigated UAA (iuaa);

x) The share of purchased food on variable costs (spf);

xi) The share of family labor on agricultural working units - AWU (fwu);
xii) The share of pillar 2 payments on total payments of the CAP (pillar2);
xiii) Location in the Northeast region (northeast);

xiv) Location in the South region (south).

Empirical Results

The following abbreviations are used in this section: O, = 51 (v, x,w;x|C, S),
A, =AIE, C, =C—’,(y,x;x| V), S, :§,(y,x;x|S), and F, :E@,x;x| V,W).

First Stage Results

Table 3 shows first stage inefficiency estimates. Overall inefficiency of dairy farms is

lower in the Northeast region than it is in the other two regions of mainland Portugal.

The main source of inefficiency is pure technical inefficiency, in the Northwest, and
allocative inefficiency, in the South. Both sources of inefficiency are equally important
in the Northeast. Therefore, in the Northwest, dairy farms may improve significantly
their performance if technical information and advice is made available by extension
services and/or if more technical information exchanges takes place amongst farmers
(e.g. benchmarking schemes). In the South, dairy farms may improve significantly their
performance by taking into account input prices, i.e., by reducing the use of expensive
inputs and increasing the use of cheaper inputs. In the Northeast, dairy farms may
improve significantly their performance both by acceding more to technological

information and by taking into account the input prices.
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Scale inefficiency is an important source of inefficiency only for the farm types F1_NW
(Increasing Returns to Scale), F5_NW (Decreasing Returns to Scale), and F11 S (both

Increasing and Decreasing Returns to Scale).6

Table 3: First stage inefficiency results

Farm type 0, 4, S, C; Fy IRS
or region (Cost) | (Allocative) | (Scale) | (Congestion) | (Technical) | 7° ()
F1_NW 0.394 0.126 0.137 0.009 0.121 100%
F2_ NW 0.265 0.083 0.036 0.000 0.147 99%
F3 NW 0.225 0.076 0.014 0.007 0.128 65%
F4_NW 0.286 0.114 0.060 0.005 0.108 0%
F5_NW 0.412 0.153 0.216 0.015 0.027 0%
F6 NE 0.255 0.172 0.033 0.009 0.041 73%
F7_NE 0.233 0.111 0.019 0.001 0.103 82%
F8 NE 0.157 0.075 0.012 0.000 0.069 68%
F9 S 0.160 0.117 0.032 0.000 0.011 100%
F10_S 0.308 0.138 0.080 0.014 0.076 33%
F11_S 0.538 0.282 0.100 0.155 0.000 33%
NW 0.285 0.095 0.059 0.005 0.126 73%
NE 0.211 0.116 0.020 0.003 0.072 75%
S 0.290 0.153 0.066 0.031 0.040 58%

® Due to sample size limitations, the farm type F11_S aggregates dairy farms from more than one class of
milk deliveries.
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MAINLAND | 0.272 0.103 0.052 0.007 0.110 72%

(*) Percentage of farms with increasing returns to scale.

The farm type for which the main source of inefficiency is scale inefficiency and returns
to scale are increasing (F1_NW) is disappearing rapidly. This group of farms is
increasing its average scale of operation, with farms living the sector and sometimes
giving up resources (such as land) to other dairy farms, allowing the latter to improve

their scale of operation.

Congestion inefficiency is an important source of inefficiency only for the farm type
F11 S. Congestion inefficiency is caused by the difficulty of some dairy farms in
adjusting the quantity of inputs. In this research the sources of input congestion were
not probed further because congestion was not identified, according to the results, as a

main source of inefficiency.
Second Stage Results

At the first stage, the main sources of inefficiency detected were allocative inefficiency
and pure technical inefficiency. In the second stage the environmental and/or

organizational factors that affect these inefficiency estimates are investigated.

Using L=2000 replications, as suggested by Simar & Wilson (2007), 95% and 80%
Bootstrap Confidence Intervals were built. Simar & Wilson (2007) pointed out that the
higher the confidence level the higher the difference between the real and the nominal
confidence levels. This is the reason why 80% Confidence Intervals were built. Table 4
shows second stage beta coefficients and Bootstrap Confidence Intervals (BCI) for
allocative inefficiency and pure technical inefficiency. A parameter estimate is

significant when the value of zero is not within the confidence interval.

Table 4: Second stage coefficients and bootstrap confidence intervals

A?I Coefficient BCI, 5% BCI, 20%

constant 0.136%* [-0.024; 0.268] [0.037; 0.223]

ndc 0.943* [0.045; 0.145] [0.060; 0.126]

mpc -0.012% [-0.018; -0.005] [-0.015;-0.007]
560 | ESADR
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smilk 0.010 [-0.055; 0.070] [-0.033; 0.049]
sdlug 1137 [-1.322; 3.043] [-0.332; 2.369]
sdlut -1.042 [-2.908; 1.435] [-2.266; 0.446]
sland 0.021 [-0.063; 0.097] [-0.033; 0.071]
sruaa 0.044* [0.004; 0.079] [0.019; 0.065]
siuaa -0.034*%* [-0.069; 0.004] [-0.055; -0.008]
spf -0.138* [-0.238; -0.036] [-0.201; -0.070]
sfwu -0.069* [-0.134; -0.002] [-0.110; -0.023]
spillar2 0.239* [0.102; 0.367] [0.146; 0.319]
northeast -0.007 [-0.051; 0.041] [-0.038; 0.026]
south 0.100* [0.042; 0.153] [0.063; 0.136]
FI Coefficient BSCI, 5% BSCI, 20%
constant 0.580* [0.495; 0.928] [0.571; 0.859]
ndc -0.281* [-0.468; -0.260] [-0.423; -0.289]
mpce -0.014** [-0.018; 0.001] [-0.014; -0.001]
smilk 0.130* [0.112; 0.298] [0.141; 0.266]
sdlug 0.028 [-3.361; 3.407] [-1.693; 2.447]
sdlut 0.255 [-3.335; 3.406] [-2.343; 1.758]
sland -0.015 [-0.100; 0.144] [-0.054; 0.099]
sruaa 0.086%* [-0.001; 0.107] [0.018; 0.086]
siuaa -0.038%* [-0.088; 0.017] [-0.070; -0.001]
spf -0.210%* [-0.418; -0.098] [-0.355; -0.147]
sfwu -0.583* [-0.747; -0.520] [-0.703; -0.554]
spillar2 0.135 [-0.151; 0.263] [-0.082; 0.189]
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northeast -0.008 [-0.060; 0.092] [-0.035; 0.065]

south -0.207* [-0.367; -0.149] [-0.320; -0.181]

Significance at the 5% level is indicated by * and at the 20% level by **.

Allocative inefficiency is affected negatively and significantly by mpc, siuaa, spf, and
sfwu. That is, dairy farms that are more intensive (produce more milk per cow, have
more irrigated UAA, and purchase more animal feeds) and that use more family labour

are more allocative efficient.

Allocative inefficiency is affected positively and significantly by nde, sruaa, spillar2,
and south. Dairy farms that have more cows, more rented UAA, more pillar 2 payments

and from the South of mainland Portugal are less allocative efficient.

Pure technical inefficiency is affected negatively and significantly by nde, mpc, siuaa,
spf, sfwu, and south. Dairy farms that have more dairy cows, are more intensive (more
milk per cow, more irrigated UAA, and purchase more animal feeds), use more family

labor and are from the South of mainland Portugal are more pure technical efficient.

Pure technical inefficiency is affected positively and significantly by smilk and sruaa.
Dairy farms with a more milk specialized output and using more rented UAA are less

pure technical efficient.

Conclusions

A two-stage approach is employed to analyze the efficiency performance of dairy farms

in mainland Portugal.

The first stage results indicate that most of the mainland Portugal dairy farms present
some source of cost inefficiency. Allocative inefficiency is the most important source of
cost inefficiency in the South and pure technical inefficiency is the most important
source in the Northwest. These two sources are important in the Northeast, being the
farms of this region, on average, however, more cost efficient overall. Dairy producers
need, on one hand, to choose better the combination of inputs, to improve allocative
efficiency, and, on the other hand, extension services and/or to exchange information

with each other (benchmarking), to improve pure technical efficiency.

| ESADR

il s

~




Politicas agricolas e de desenvolvimento rural e regional (02

The second stage results show the influence of environmental and/or organizational
factors on the two most important sources of dairy farms cost inefficiencies identified in
the first stage: allocative inefficiency and pure technical inefficiency. Concerning
allocative inefficiency, dairy farms that are more intensive and use more family labor
are more allocative efficient. Dairy farms that have more cows, more rented UAA, more

pillar 2 payments and from the South are less allocative efficient.

Concerning pure technical inefficiency, dairy farms that have more cows, are more
intensive, use more family labor and from the South are more pure technical efficient.
Dairy farms with an output more specialized in milk and using more rented UAA are

less pure technical efficient.
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