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Abstract 

This article employs a short-term specification of the symmetric generalised McFadden (SGM) cost function capable of 
accommodating quasi-fixed factors and variable returns. Temporary equilibrium and scale economies are investigated while 
maintaining the consistency of the estimated model with microeconomic theory and approximation properties. It also makes 
use of a two-step procedure to estimate first the technology parameters and then time-varying efficiency at farm level. No 
distributional assumptions are required on efficiency as we consider a fixed effect model. A balanced panel of Italian dairy 
farms during the years from 1980 to 1992 serves as the case study. The results suggest a rigid productive structure during the 
pre- and post-quota period. Moreover, Italian milk producers are found to exhibit considerable excess capacity and rather low 
input technical efficiency. 
© 2003 Elsevier B.V. All rights reserved. 
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1. Introduction and background 

In applied economics, aggregate output is com­
monly related to a list of inputs through a production 
function and, when dealing with time series data, to 
a proxy for technology which is often represented by 
a linear trend. This framework does not recognise the 
short-run fixity of some factors that in agriculture, as 
virtually in any sector, represents a structural con­
straint. In spite of its general acceptance, this notion 
has not found an adequate representation at the empir­
icallevel because of both data and model inadequacy. 

* Corresponding author. Tel.: +39-0577-232638; 
fax: +39-0577-232661. 
E-mail address: pierani @unisi.it (P. Pierani). 

Our study is primarily concerned with contributing 
towards this strand of literature and investigating the 
productive behaviour of the dairy sector in Italy. We 
assume the existence of a short-run aggregate technol­
ogy and depict it from the dual by means of the sym­
metric generalised McFadden (SGM) cost function. 
This flexible form has been proposed by Diewert and 
Wales (1987) and subsequently adapted in one way or 
another (Kumbhakar, 1990, 1994; Peeters and Surry, 
2000). To our knowledge, only few authors investigate 
short-run behaviour within the SGM framework. Rask 
(1995), e.g. estimates a modified SGM function for 
Brazilian sugarcane production. His model, though, is 
not fully quadratic and places unnecessary restrictions 
on the underlying cost structure. This paper builds 
upon Kumbhakar et al.'s (1989) work in specifying a 
restricted cost model that accommodates quasi-fixed 

0169-5150/$ - see front matter © 2003 Elsevier B.V. All rights reserved. 
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inputs and maintains the consistency of the estimated 
function with microeconomic theory and approxima­
tion properties. As case study we use a balanced panel 
of dairy farms in the plain of the Po river. This area ac­
counts for more than 60% of Italian milk supply. The 
analysis covers the years from 1980 to 1992. The pro­
ductive technology consists of one aggregate output, 
three variable inputs (purchased feed, other interme­
diate inputs and hired labour), two quasi-fixed factors 
(family labour and capital). 

A second major purpose of this study is to examine 
whether the introduction of milk quotas in 1984 had 
any impact on farmer decisions. Few subjects have 
drawn more attention in European agricultural pol­
icy than the organisation of the dairy sector in the 
EU (Burrell, 1989; Boussard, 1985; Petit et al., 1987, 
among others). However, no studies have examined 
how Italian producers initially reacted to this policy. 
The history of the Italian milk quotas is one of long 
delays in applying Community legislation, huge fines, 
deceitful activities and protests. Italy was granted a 
quota of 9.9 million tonnes (mt) on the basis of na­
tional statistics. In 1984 the Italian Minister of Agri­
culture argued that there was a discrepancy of 1.5 mt 
between this figure and actual production. Disagree­
ments over the actual production level and number 
of producers were to continue for many years. As 
Italy imports 40% of its milk requirement, it was de­
cided to treat the whole country as a single entity for 
2 years and not to allocate individual quotas in or­
der to exploit fully the national allotment. In 1988, 
again in order to ensure full use of it, it was de­
cided to allocate the quota to producer associations 
each of which would act as a single producer, and 
Unalat was created for this purpose. However, Un­
alat decided to apply the legislation on a voluntary 
basis. Failure to apply the system meant that Italy 
ran up a fine in the order of 300 billion lira each 
year. By 1992 the fine had reached 4000 billion lira. 
Italy maintained that the quota was inadequate and re­
quested a backdated increase. In 1993 a first attempt 
was made to collect data to establish quotas. Individ­
ual quotas were published, but their sum exceeded 
the national ceiling. It was then decided to rely on 
a system whereby farmers provide their own data on 
production. This system was an invitation to irregular 
practices (Borroni et al., 2001; Pieri and Rama, 1996; 
Senior, 2002). 

How did dairy enterprises respond to the contradic­
tory announcements of Italian institutions? We argue 
that the adjustment process that took place is not trivial 
and attempt to answer this question by estimating the 
productive efficiency of dairy farms individually, test­
ing for the presence of structural breaks and analysing 
the trends of capacity utilisation (CU). 

The paper proceeds by presenting the analytical 
model and the two-step procedure used to estimate first 
the parameters of the cost function and then farm level 
efficiency. Section 3 provides a brief discussion of our 
balanced panel and variable construction. In Section 
4, production elasticities and input technical efficiency 
are discussed. Given the short-term standpoint, cost 
flexibility is decomposed into scale economies and ca­
pacity utilisation. The effect of technological bias on 
input use is also investigated. In the second step, no 
distributional assumptions are required on technical 
efficiency as we consider a fixed effect model. Since 
our analysis covers 13 years, individual effects are al­
lowed to vary according to a flexible second-degree 
polynomial. Section 5 concludes. 

2. Methodological framework 

2.1. The SGM restricted cost function 

In this study we maintain that the objective of the 
farmers in the sample is to minimise the cost of pro­
ducing a given level of output, conditional on input 
prices, stocks of quasi-fixed inputs and technology. 
Under some regularity conditions, duality principles 
ensure consistency between variable cost and produc­
tion functions, so that either one will describe the 
farming activity equally well (Chambers, 1988). The 
restricted cost function is given by 

G = G*(Y, W, Z, t) (1) 

where G is variable cost, Y the output, W 
(WJ, Wz, ... , WN)' the vector of input prices, Z -
(Z 1, Zz, ... , Z M )' the vector of fixed inputs and t is 
the time trend used as proxy for technology. 1 

1 The cost function is linearly homogeneous, non-decreasing and 
concave in W, non-decreasing in Y, non-increasing and convex in 
Z, non-negative, continuos and twice continuously differentiable 
in all its arguments. 
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Empirically, we depict G* by means of the SGM 
form because it is flexible, in the sense of providing a 
second-order approximation to an unknown function 
at any given point (Diewert, 1976); it has a Hessian of 
constants, thus the curvature properties hold globally 
and can be tested and possibly imposed without de­
stroying flexibility; finally, it is invariant to normalisa­
tion. In this study, we depart from Diewert and Wales 
(1987) by adding quasi-fixed inputs (Kumbhakar, 
1989). The model estimated is 

N N 

G = g(W)Y + L)iiWiY + L);W; 

N 

+ L)uWitY + bt(a'W)t + byy(J'31W)Y2 

N M 

+bu(y'W)t2 Y + LLd;kW;Zk 
k 

M M 

+ LCky(o'W)ZkY + L:ckt(A.'W)Z"t 
k k 

~~ I ZjZk 
+0.5 L...L.J'.ik(TJ W)-y-

i k 

where g(W) is defined by 

w'sw "Lt"L~ s;h W; wh 
g(W) = 28'W = 2L;tB;W; 

(2) 

(3) 

and S is a N x N symmetric negative semidefinite 
(nsd) matrix such that S'W* = 0 with W* » 0, and 
i, h denote variable inputs and j, k fixed inputs. Since 
W* is chosen to be the vector of ones, LhSih = 0 for 
all i, and the rank of Sis (N- 1). e = (81, ... , BN)' 

is a vector of non-negative constants not all zero and 

Cjk = Ckj· 

It can be shown that G is a flexible (linearly ho­
mogeneous in W) restricted cost function at any point 
(Y*, W*, Z*, t*) provided that W* » 0, B'W* > 0, 
a'W* # 0, f3'W* # 0, y'W* # 0, o'W* # 0, A.'W* # 
0, TJ'W* # 0. Moreover, G is globally concave in W if 
S = {s;h} is negative semidefinite and globally convex 
in Z if C = {cjk} is positive semidefinite and TJ'W* > 
0.2 For the SGM cost function to be parsimonious, i.e. 

2 The statements on flexibility and concavity follow theorems 
10 and 11 in Diewert and Wales (1987). 

provide the second-order approximation using a mini­
mal number of parameters, the vector 8, along with a, 
!'3, y, o, A. and TJ, need to be exogenously given.3 Thus, 
there are (N + M)(N + M + 1)/2 + 2(N + M) + 3 
free parameters to be estimated-just enough for the 
SGM variable cost function to be flexible at the point 
(Y*, W*, Z*, t*). 

If the estimated S matrix does not conform to 
concavity criteria, negative semidefiniteness can be 
imposed4 by reparameterising it as s = - rr' where 
T is a lower triangular matrix. Global convexity in 
quasi-fixed inputs Z can be stated (imposed) anal­
ogously upon the positive semidefiniteness of the 
estimated matrix C. 

For econometric implementation, a set of cost-mini­
mising variable input demands can be derived using 
Shephard's lemma. Here, optimal input-output co­
efficients (X;/Y = (BG/BW;)/Y) are considered to 
reduce possible heteroskedasticity: 

Note that the system (4) contains all the relevant pa­
rameters; hence, we need not provide an enlarged set 
of equations. However, greater efficiency in estimation 
can be gained by forcing more structure on the data, 

3 The inner products can be seen as fixed-weight price indexes. 
We assume that they have the Laspeyres form with weights given 
by the mean quantities (Diewert and Wales, 1987; Kohli, 1993) as 
well as e =a= f3 = y = 8 =A = 1). In this case, e'W* > 0 and 
e > 0, and similarly for the remaining indexes. For the flexibility 
proof, see Appendix A in Kumbhakar (1989). 

4 The imposition of required curvature at each data point does 
not destroy flexibility. However, by reducing the rank of the repa­
rameterised Hessian we hamper the range of second-order effects 
and move to a semiflexible version (Diewert and Wales, 1987; 
Moschini, 1998; Ryan and Wales, 1998). Empirically, the rank 
reduction is equal to the number of the Hessian eigenvalues with 
wrong signs. 
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e.g. including additional information in the form of 
shadow value equations. Such equations represent the 
potential reduction in variable cost from an additional 
unit of quasi-fixed input ( -aG ;azk = h).5 Variable 
returns to scale prevent us from equating the resid­
ual measure of returns to multiple quasi-fixed inputs, 
PY - G, where P is output price, with the shadow 
fixed cost, L F~cZk (Morrison, 1988). So, for estima­
tion purposes one either assumes that shadow prices 
are proportional to ex ante user costs or merely omits 
them. On theoretical as well as empirical grounds, we 
opt for the second alternative. 

2.2. Elasticities and capacity utilisation 

The proposed model ascribes a central role to 
relative prices: in the short run, they determine 
the demand for variable inputs and, via shadow 
prices, contribute towards the explanation of capac­
ity utilisation; in the long run, they determine the 
optimal levels of quasi-fixed factors. These effects 
can be measured using the conventional elasticity 
coefficients. 

Short-run price elasticities are calculated as c:;h = 
aln Xi/aln W;, with LhC:ih = 0, Vi. They are pro­
portional to Allen-Uzawa measures of substitution, 
defined as CJih = Cih/Wh, where Wh = xh Wh/G is the 
cost share. Concerning scale and capacity induced 
impacts we have c;y = a ln Xi/a ln Y, and Cik = 
alnXiJ3lnZ~c, respectively. Shadow price responses 
are defined analogously, CfJkh = aln F~cjaln Wh, with 
LhCfJkh = 1, Vk. These parameters are interpretable as 
indirect measures of utilisation: CfJkh > 0, e.g. means 
that an increase in wh brings about a positive change 
in F k. Thinking of the shadow price as the marginal 
reward of desired stock, its increase materialises in 
a higher degree of utilisation of the relevant asset. 
On the other hand, flexibilities, CfJkj = aln F~c/aln Zj, 

convey information on the long-run behaviour of 
quasi-fixed inputs, k and j being substitutes ( comple­
ments) when CfJkj < 0 (C{Jkj > 0). 

All economic measures of capacity utilisation derive 
from the comparison of temporary and long-run equi­
libria (Berndt and Fuss, 1986). In particular, a dual in­
dicator of the deviation of quasi-fixed inputs from their 

5 The shadow price equations Fk are used only to derive the 
parametric expressions of elasticities. 

long-run levels is given by CU = C* / C, where Cis to­
tal cost and C* is total shadow cost, i.e. total cost with 
quasi-fixed inputs evaluated at their shadow prices. 
Under constant returns to scale (CRTS), short-run cost 
flexibility and CU coincide (Morrison, 1985): 

CU = 1- Leek= c:cy (5) 

k 

where c:cy = aln Cjaln Y and cck = aln Cja ln Z~c = 
(Wk- Fk)Z~c/C. Using the notion of shadow price, 
one can determine whether the stock Z~c is in excess 
(Wk > Fk) or falls short (Wk < F~c) of its equilibrium 
level. In turn, over (CU > 1) or under (CU < 1) 
utilisation will prevail depending upon the algebraic 
contribution of each cck· If shadow and rental prices 
coincide (W~c = F~c), ccJc = 0, Vk, and capacity is fully 
utilised (CU = 1). 

When variable returns to scale and sub optimal util­
isation coexist, short-run cost flexibility necessarily 
captures both effects. However, under homotheticity, 
the two components are 

(6) 

where c:f:y = dln Cjdln Y = dln Zk/dln Y (Vk), i.e. 
all output elasticities of quasi-fixed inputs are the same 
and equal to the long-run (inverse of) returns to scale, 

L 
ccy· 

Finally, we define the rate of technological progress 
(regress) as the percentage reduction (increase) in 
variable cost over time, c:01 = alnG(·)/at. Gen­
erally, the advancement of knowledge manifests 
itself in a non-neutral manner; this bias can be ex­
pressed by the rate of change in factor proportions, 
B; = a ln wiJat, Vi. Recalling that the SGM demand 
functions are in terms of input level, it can easily 
be seen that: B; = Cit - fGt, where Cit = a ln Xi/at. 
The semi-elasticities c:;t's are not independent of 
one another, in that c:c1= L;W;c;1 and, consequently, 
L;Wi B; = 0. Technological change is defined to be 
input i-using (B; > 0), saving (B; < 0), or neutral 
(B; = 0), depending on whether relative change in 
input i is larger, smaller or the same as the rate of cost 
reduction, respectively. When all inputs are affected 
equiproportionally, i.e. B; = 0, Vi, overall neutrality is 
implied. 
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2.3. Input technical efficiency 

In principle, one can distinguish between two no­
tions of technical efficiency: output oriented, which re­
flects the capability of producing maximal output from 
a given set of inputs, and input oriented, which corre­
sponds to producing a given output using a minimum 
amount of inputs. The two coincide if and only if con­
stant returns to scale prevail (Hire and Lovell, 1978). 
In the present case, this correspondence vanishes, with 
important empirical implications. For example, the in­
put oriented measure of technical efficiency does not 
enter the derived demands, but rather appears in the 
restricted cost function alone. The individual frontier 
can then be written as (llbJ)Gf, where (llbf), 0 < 
b 1 :5 1, reflects the cost of radial over-utilisation of 
inputs (Bauer, 1990; Atkinson and Cornwell, 1994) on 
the jth farm. 

Recent developments in parametric frontier mod­
elling can be found in Fried et al. ( 1993) and 
Kumbhakar and Lovell (2000), among others. 6 As no 
single approach seems to prevail in terms of theoreti­
cal properties and/or empirical advantages, we opt for 
the fixed effect model (Schmidt and Sickles, 1984). 
This panel estimator is distribution-free, allows for 
correlation between efficiency and regressors, and 
becomes consistent as the temporal dimension ap­
proaches infinity (Nickell, 1981). Individual effects 
are accounted for by specific intercepts, which may 
be interpreted as reflecting unobserved structural het­
erogeneity such as input quality and/or managerial 
skill. Time-varying fixed effects seems a realistic 
assumption, which can be represented either accord­
ing to parameterised functions of time or discretely 
by means of temporal dummies. Examples include 
Cornwell et al. (1990), Kumbhakar and Hjalmarsson 
(1993), Ahmad and Bravo-Ureta (1995, 1996) and 
Cuesta (2000), to name a few. Here, time-varying ef­
ficiency is approximated by a flexible second-degree 
polynomial. 

A two-step estimator is considered (Ahmad and 
Bravo-Ureta, 1995; Cornwell et al., 1990; Kumbhakar 
and Heshmati, 1995; Kumbhakar and Hjalmarsson, 
1993). First, the minimised variable cost is obtained 
using the parameter estimates of the demand system 

6 A review is also given in Bauer (1990), Battese (1992), 
Bravo-Ureta and Pinheiro (1993), and Coelli (1995). 

(4). Observed and fitted variable costs are related as 
follows: 

(7) 

where Gft = Li WiftXift· The first-step estimated 
residual, e ft• is composed of two terms: 

(8) 

where f.L!t = ln(1/bjt), which is restricted to be 
non-negative, includes both the farm-specific effect 
and technical efficiency, and Vft is the statistical 
noise, which is heteroskedastic by construction. In 
the second-step, individual effects and time-varying 
efficiencies can be estimated by the least squares 
procedure, as 

qr = L(J.L f + f.L!Jf + J.L2Jf2)Df + Vft (9) 
f 

where J.L f, J.L 1 f, and f.L2J are unknown parameters, D f 
is a dummy whose value is 1 for the fth farm and 0 
otherwise, and Vft is assumed iid normal with mean 
zero and finite covariance matrix.7 The predicted value 
mft = (m f +m lft+m2ft2) is the basis for calculating 
efficiency scores at the farm level: 

[mintexp(mft)] (10) TEJt = ..:..._____:!.____::..._.::.__ 

exp(mft) 

The numerator of (10) is the least predicted value in 
each cross-section of the panel, i.e. the best practice 
or the reference against which all others are compared 
in that year. 

3. Data and variable construction 

The farm production data is drawn from the Farm 
Accountancy Data Network (FADN) and consists of 
annual observations on 41 specialised dairy farms (de­
fined here as those farms where 75% or more of total 
revenue is derived from dairy enterprise) in Lombar­
dia. This northern region provides more than one-third 
of the milk supply in Italy. The investigation period 
covers the years from 1980 to 1992 and the panel is 
balanced. The analysis was restricted to a single region 

7 The HETERO option of LSQ command causes TSP to com­
pute standard errors which are consistent even in the presence of 
unknown heteroskedasticity (White, 1980). 
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Table 1 
Summary statistics of selected variables in the data set 

Variable Unit Panel mean Standard deviation Minimum Maximum 

Output 106 (1990, Italian lira) 490.27 265.81 100.27 2004.08 
Land Hectare 69.25 43.02 14.70 190.00 
Livestock Cow equivalent 155.63 89.67 30.40 824.30 
Purchased feeds 106 (1990, Italian lira) 117.83 75.17 5.15 483.04 
Other inputs 106 (1990, Italian lira) 99.02 66.23 13.64 310.40 
Hired labour Worker equivalent 2.66 1.71 1.00 9.00 
Family labour Worker equivalent 3.32 1.55 1.00 9.00 
Capital 106 (1990, Italian lira) 2432.54 1455.54 381.71 6848.15 
Price index of other inputs 1990 = 1 
Price index of feeds 1990 = 1 
Wage of hired labour 106 ( 1990, Italian lira) 
Age Years 

in order to ensure as much homogeneity as possible 
in input quality as well as technological and structural 
conditions. Accordingly, only farms with hired labour 
and located in the plain of the Po river were consid­
ered. The observed holdings are medium- to large-size 
compared to national standards. 

The FADN does not provide farm gate prices of 
variable inputs or outputs, with the exception of hired 
labour and milk; hence, the relevant information is pro­
vided by Divisia indexes obtained by aggregating re­
gional prices of the elementary components weighted 
by farm-specific cost (revenue) shares.8 The resulting 
series are farm-specific due to differences in input and 
output compositions. Quantities are obtained by di­
viding the values of output and variable inputs by the 
farm-specific price index. 

The vast bulk of output consists of milk. Some beef, 
mostly as a joint product to milk, deficiency payments 
and other production subsidies are also included. Ag­
gregate output does not include categories such as in­
termediate inputs (feed grains, roughage, milk and so 
on produced on the farm). 

Variable costs consist of three input categories: 
(1) purchased feeds; (2) other intermediate inputs; 
and (3) hired labour. Feed costs include aggregate 
outlays on concentrates, forages, feed grains and so 

8 We had no choice in this respect as prices are not available at 
the sub-regional level. However, since the analysis focuses on a 
sole region and the productive technology of the observed holdings 
is homogeneous, one can reasonably assume that the input market 
(defined here as the region) is also unique. 

0.86 0.14 0.51 1.03 
0.93 0.14 0.59 1.14 

21.20 7.95 4.60 43.96 
55.15 11.47 27 80 

on. The second group consists of the remaining in­
termediate inputs (mainly fertiliser, pesticides, seed, 
fuel, energy, veterinary costs, as well as overheads, 
i.e. the costs of repair and maintenance of capital 
equipment, insurance and rent). The wage rate per 
hour (with social cost included) is taken from the 
FADN. 

The quasi-fixed inputs consist of the service flows 
from family labour and capital. The latter aggregates 
four assets: land, breeding livestock, machinery and 
buildings. Quantities of the fixed assets are calculated 
by dividing the invested capital by a price index of 
the corresponding services. User cost is defined as 
the sum of interest and depreciation cost at the farm 
level replacement value. Family labour is expressed 
in equivalent fully employed workers (2200 h per 
year). Technological change is represented by a time 
trend and is not farm-specific. The base year is 1990. 
Table 1 gives an overview of selected variables in the 
data set. 

If subscript f refers to the farm (f = 1 , ... , 41) and 
t to the year (t = 1980, ... , 1992), data are organ­
ised as a sequence of time series so that the slowest 
varying index is f Each stacked vector contains 533 
observations. An additive error term is appended to 
the behavioural Eq. (4). Parameters are estimated 
using iterative Zellner techniques9 under the typical 
assumption that the error term Vift for the ith equation 
is iid across units f over years t. 

9 The command used is LSQ of TSP 4.4. 
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Table 2 
Test statistics for alternative model specifications 

Test Ho Degrees of log-likelihood Test statistic Critical value 
freedom (d.f.) xz 

(d.f.) (at 1% level) 

No differential intercepts biiDM = biiDL = 0 (i = 1, 2, 3) 6 -7446.5 204.1" 16.8 
CRTS bi = b, = byy = CkY = 0 (i 7 -7454.3 219.8" 18.5 

=1,2,3;k=l,2) 
Time independence biT = b, = b, = Ckr = 0 (i 7 -7393.5 98.2" 18.5 

=I, 2, 3; k = I, 2) 
Parameter stability 1980-1992 vs. 1980-1984 984 -2887.2 184.4b 1164.3 

"Based on the likelihood ratio (LR) test: LR = 2[l(H!)-l(Holl5Czct.f.)' where I is the log-likelihood and d.f. the number of independent 
restnctwns. 

b Based on the following test 2[(N/ N1ll(HJ) + 0.5N log(N/ N!)-l(Holl.Xzct.f.)' where Nand N1 are the observations under Ho and H1, 

respectively, and d.f. = m(N- NJ), with m number of estimated equations. 

4. Empirical implementation and discussion 

4.1. Specification tests 

A number of formal statistical tests have been per­
formed in search of an appropriate specification and 
the presence of structural change. Parameter restric­
tions under the null hypotheses, resulting statistics and 
critical values are shown in Table 2, while parame­
ter estimates and approximated standard errors are re­
ported in Appendix A. 

First, we distinguish between holdings according to 
hectares of land10 and check whether the intercept bu 
varies across classifications. Small, medium and large 
farms are defined as having less than 50 ha, between 
50-100 and more than 100 ha, respectively. There are 
17 small farms, 15 medium farms and 9 large farms. A 
restricted system, which does not account for hetero­
geneity, is compared to an unrestricted version (small 
farms being the reference), using the likelihood ratio 
(LR) test. The resulting LR-statistic is 204.1, suggest­
ing that the null hypothesis is strongly rejected at the 
1% significance level. The size-related dummy vari­
ables in Appendix A indicate that larger farms tend to 
have higher i/o coefficients of hired labour and lower 
i/o coefficients of purchased feed, ceteris paribus. This 

10 We are aware that there can be more convenient proxies of 
farm size. Notwithstanding, Italian dairy farms with hired labour 
traditionally produce forage; hence, land is positively and highly 
correlated with other possible indicators (e.g. number of cows, 
specialisation index, gross revenue and/or economic size unit). 

size effect fits in well with the established practice of 
producing forage on dairy farms in the Po plain. 

The second question concerns scale economies. The 
null of CRTS in the long-run amounts to the following 
parameter restrictions: Ho: b; = b1 = byy = qy = 0 
(i = 1, 2, 3; k = 1, 2). Since the sample statistic is 
219. 8, which is well in excess of the critical value 
xz7l = 18.5 at the 1% level of significance, the CRTS 
hypothesis is decisively rejected. 

Third, we explore whether the production function 
exhibits any exogenous technical change. Since r::c1 

represents the rate of cost diminution, the null hypoth­
esis can be expressed as: Ho: bit = b1 = bu = q 1 = 0 
(i = 1, 2, 3; k = 1, 2). The resulting LR-statistic is 
98.2, meaning that this hypothesis is also rejected at 
I% level of significance. 

Based on the above test sequence, we believe that 
the regional dairy technology can be confidently iden­
tified with the estimated SGM, which is monotonic in 
Wand Y (non-decreasing) at all sample points, and in Z 
(non-increasing) at the approximation point (globally), 
concave in prices and (globally) convex in quasi-fixed 
inputs. Given the monotonicity results and the nega­
tive (positive) semidefiniteness of the estimated S(C) 
matrix, curvature criteria are satisfied globally by the 
proposed specification. 

Finally, since our analysis refers to years in which 
policy changes are deemed to have affected the eco­
nomic behaviour of milk producers, we look for 
structural change using the test proposed by Anderson 
and Blundell (1984). The model is estimated twice, 
over the entire period (1980-1992) and over the 
pre-quota years (1980-1984 ), with theoretical and 
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Table 3 
Variable input elasticities (at the sample mean, approximated standard errors in parenthesis) 

All farms, 1980/1992 Feeds Other inputs Hired labour Output Family labour Capital 

Feeds -0.312 (0.144) 0.162 (0.134) 0.150 (0.039) 1.483 (0.041) -0.116 (0.028) -0.368 (0.038) 
Other inputs 0.237 (0.196) -0.354 (0.192) 0.117 (0.049) 0.430 (0.046) 0.129 (0.032) 0.288 (0.041) 
Hired labour 0.321 (0.084) 0.171 (0.071) -0.492 (0.066) 0.699 (0.058) -0.354 (0.040) 0.161 (0.055) 

approximation properties embedded. The resulting 
statistic is 184.4, which suggests that the null hypoth­
esis of no parameter differences cannot be rejected, 
i.e. the model structure appears to be fairly stable 
between the pre- and post-quota periods. 

4.2. Input demand elasticities 

Since the results show little variation over time and 
farms, we discuss only panel mean estimates in or­
der to conserve space. Table 3 reports variable input 
1 . . . II 0 h e astlc1t1es. n t e whole, input use is much more 

responsive to the scale of production than to prices. 
Hence, short-run changes in factor proportions mainly 
depend on the output level. Own-price and cross-price 
elasticities indicate that coefficients are accurately es­
timated and all responses are much smaller than unity, 
which suggests a rather rigid structure. 

Direct responses of feeds and other inputs (which 
contains fertiliser) are comparatively low, indicating 
that feeding strategies and hence production of forage 
for the dairy herd are, to some extent, fixed within 
each production year. The own-price elasticity of 
hired labour ( -0.49) shows a relatively higher degree 
of responsiveness_l2 It is slightly lower than Tiffin's 
(1991) estimate for the dairy sector in UK and Wales 
before supply control. The lower value found here 
may be due to the fact that in Tiffin's study the re­
sponse (derived from a profit function) is uncompen­
sated and labour (defined as family and hired labour) 
is variable, suggesting tllat the number of hours 
worked by family labour is more flexible. On the 
other hand, Stefanou et al. (1992) find that numerous 

11 Formulas for the SGM elasticities are given in Kumbhakar 
(1990). We modify them to include quasi-fixed factors. Analytical 
derivatives and approximated standard errors are obtained through 
the TSP commands DIFFER and ANALYZ, respectively. 

12 Farm group elasticities, and other results not presented here, 
can be obtained from the authors. 

responses of Germany dairy farmers did change with 
the introduction of the production quota. The change 
between periods appears to be more dramatic for the 
variable input demands; in particular, the substitution 
elasticity of hired labour declines in the post-quota 
period. Cross-effects show an overall substitutability, 
regardless of period and size group. In general, these 
responses are in the range of the estimates derived by 
Maietta (2000) under similar modelling assumptions 
for a panel of Italian dairy producers. 

Table 3 also reports elasticities with respect to out­
put and quasi-fixed inputs. Because of variable returns, 
scale elasticities do not resemble each other. A unit 
increase in output has a stronger effect on purchased 
feeds (1.5), whereas the responses of hired labour 
(0.7) and other inputs (0.43) are less than proportional. 
Feeds and other inputs adjust consistently to both fixed 
inputs, albeit in opposite directions, while the sign of 
hired labour adjustment depends upon which stock is 
changing. In particular, both family labour ( -0.12) 
and capital ( -0.37) substitute for purchased feeds. 
Hence, e.g. an increase in capacity due to land acqui­
sition or renting for forage production aims, to some 
extent, at substituting the costly concentrates, which 
make up more than 46% of variable costs (Table 5). 
The two stocks and other inputs are complement; fi­
nally, family labour substitutes for and capital behaves 
as a complement of hired labour. Most of these adjust­
ments are modest and within the range of price effects. 

For the symmetry relationships attributable to the 
twice continuous differentiability of the cost function, 
we have that quasi-fixed input demand elasticities 
and shadow price elasticities (Table 4) share simi­
lar information. 13 For example, since self-employed 
farmers substitute for both purchased feeds and hired 

13 Namely, aX;jaZk = -aFkf!JW;. This proposition can be 
re-phrased in terms of elasticities as: E:;k = -(w! fw'/)rpk;, where 
wJ and w;; are the input shares on shadow cost C*, and 'Pki gives 
the impact of W; on the quasi-rent of stock k. 
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Table 4 
Shadow price elasticities (at the sample mean, approximated standard errors in parenthesis) 

All farms, 198011992 Feeds Other inputs Hired labour Output Family labour Capital 

Family labour 
Capital 

0.601 (0.1 06) 
3.853 (1.919) 

-0.460 (0.197) 
-2.066 (1.331) 

0.859 (0.162) 
-0.787 (0.632) 

-0.298 (0.451) 
0.889 (0.498) 

-0.642 (0.348) 
0.437 (0.245) 

0.217 (0.051) 
-1.974 (1.106) 

labour, an increase of their market prices makes the 
marginal value product of family labour increase in 
the short run. The opposite holds for a change in 
the price of other inputs. Responses are normally 
higher for capital. In particular, its quasi-rent, and 
thus utilisation, increases much more than propor­
tionally with feed prices (3.9), whereas wages ( -0.8) 
and especially other input prices (-2.1) have negative 
impacts. As is evident from the standard deviations, 
output ftexibilities are not statistical significant. Fi­
nally, cross-ftexibilities seem to indicate that the two 
quasi-fixed inputs are weak complements. Comple­
mentarity of family labour and capital is a result that 
has been also observed by Pierani and Rizzi (1994) 
in a study that is not specific to dairy but to Italian 
agriculture. 

From Table 5, it appears that variable cost has de­
clined by 3.5% per year. The semi-elasticities indicate 
that the advancement of knowledge has had statisti­
cally significant impacts on factor intensities, inde­
pendent of both relative prices and scale adjustments. 
The bias turns out to be towards the use of other inputs 
(0.22) and economising in both hired labour ( -0.16) 
and purchased feeds (-0.08). We normally expect the 
t:;1' s to be negative since their weighted average equals 
EGt· However, some of them may be positive. This is 
the case with other inputs (0.18); while feeds ( -0.11) 
and especially hired labour ( -0.19) register negative 
rates of change. This result is not surprising. The high 
rate of technical change and the complementarity of 

Table 5 
Cost shares, technological biases and rates of change of inputs (at 
the sample mean, approximated standard errors in parenthesis) 

All farms, Wi Bi 8i 

198011992 

Feeds 0.465 (005) -0.076 (0.023) -0.111 (0.029) 
Other inputs 0.318 (0.004) 0.218 (0.029) 0.184 (0.033) 
Hired labour 0.217 (0.003) -0.157 (0.037) -0.191 (0.043) 
Weighted sum 1 0 -0.035 (0.018) 

other inputs with the given capacity in the short run 
are coherent with practical observations. In the study 
area, almost the 4/5 of the cow herd is made up of 
highly selected breeding livestock, and purchased 
feeds have been progressively replaced by forage pro­
duced on farm land (which requires fertiliser among 
others) over the sample period (Osservatorio sui 
Mercato dei Prodotti Lattiero-Caseari, 2001 ). This 
technology leads to variable cost savings. 

4.3. Scale economies and capacity utilisation 

The estimates of cost flexibility, t:cy, scale 
economies, E~y' and capacity utilisation, CU, by farm 
group, are presented in Table 6. The prevalence of 
scale economies is evident. At the panel mean, t:cy 

is about 0.61; the proportionate cost saving is not as 
strong in the long run and it is estimated around 14% 
(from 10 to 20% according to farm group). The dis­
crepancy can be explained by the fact that more than 
one-fourth (29%) of the overall capacity is in excess. 
Both quasi-fixed factors contribute to the disequilib­
rium, though at notably different levels: the utilisation 
elasticity is about 0.09 and 0.2 for family labour and 
capital, respectively. This finding is evidence of their 
sub-optimal use. The estimates also suggest a positive 
relationship between farm size and excess capacity. 
In their study on dairy technology on Vermont farms, 
for example, Quiroga and Bravo-Ureta (1992) find 
that family labour and herd size (used as proxy for 
the scale of the operation) are significantly lower than 
their optimal levels. These findings were interpreted 
as consistent with a continuing shift toward fewer and 
larger farms and partly attributed to the existence of 
a price support system in the US agriculture. 

The situation has changed notably over the years. 
Utilisation elasticities slope monotonically downward, 
with capital always pacing faster (Fig. 1) so that its 
value halves (from 0.33 in 1980 to 0.16 in 1992) and 
comes closer to that of family labour (0.08 in 1992). 
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Table 6 
Dual measures of scale effects, capacity utilisation and elasticities of utilisation by group (at the sample mean, approximated standard 
errors in parenthesis) 

Classification, 198011992 

<50ha 
50-100 ha 
>lOOha 
All farms 

0.40 

0.35 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 
0 
CXl 
m 

scy 

0.664 (0.20) 
0.597 (0.019) 
0.559 (0.024) 
0.612 (0.0 18) 

- • labour 

0.904 (0.020) 
0.841 (0.025) 
0.802 (0.035) 
0.862 (0.021) 

-----·---labour+/-2s.e. 

-capital 

---capital+/-2s.e. 

--------. 

Fig. 1. Labour and capital utilisation elasticities (at the sample 
mean). 

Hence, the trend is towards reducing excess capacity, 
which makes CU move from about 0.55 to around 76 
in 1992 (Fig. 2). 

Before the introduction of supply control, the real 
price of milk favoured the growth of imports over do­
mestic supply, which explains the positive differential 

1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 

-cu 

--CU+/-2s.e 

0.50 ¥---.-.--,--.----,----,,---,---,--,----,-..---, 
l{) 
CXl 
m 

0 
m 
m 

Fig. 2. Dual capacity utilisation (at the sample mean). 

C\J 
m 
m 

cu scL 8CK 

0.735 (0.021) 0.101 (0.018) 0.165 (0.012) 
0.710 (0.019) 0.094 (0.014) 0.196 (0.016) 
0.697 (0.024) 0.093 (0.017) 0.209 (0.0 19) 
0.710 (0.019) 0.090 (0.013) 0.201 (0.016) 

between rental and shadow prices of quasi-fixed fac­
tors. On the other hand, farmers did not initially per­
ceive the introduction of production quota in 1984 as 
individual constraint. At least unofficially, Unalat and 
the ministry encouraged farmers to exceed their quotas 
as Italy was a deficit country, and the exact level of pro­
duction had not been established. As a result, farmers 
increased their production and formed expectations of 
a more favourable determination of quota allotments 
(e.g. based on higher historical outputs) in the future. 
Failure to apply the system meant that Italy ran up a 
huge fine, which, in the logic of a supply-control mea­
sure, should have been paid by farmers. In fact, in the 
face of farmer protest, the fine was passed on to Italian 
taxpayers and the whole agricultural sector. Our data 
set shows this peculiar national story: while the adjust­
ment of land is negligible (the average farm acreage 
remained about constant), milk output per cow (an av­
erage of 47 tonnes in 1980) and herd size (from an av­
erage of 137-176units) increased at the significative 
rates of 2.2 and 1.8% a year, respectively, during the 
1980-1992 period. Clearly, these adjustments contrast 
both with economic models seeking to explain the op­
timal adjustment of milk production under a delivery 
quota (Rasmussen and Nielsen, 1985) and with the ex­
periences of other European countries (Burrell, 1989). 

4.4. Technical efficiency 

Before commenting on efficiency estimates we 
report on the test for temporal change in technical 
efficiency. The null hypothesis, Ho: /hlf = /h2f = 0 
(f = 1, 2, ... , 41), is rejected soundly, the LR statis­
tic being xz82) = 303.35. This result can be compared 
to other studies. Ahmad and Bravo-Ureta (1996) 
find the time-varying fixed effects superior in terms 
of statistical and plausibility criteria to alternative 
specifications. Kumbhakar et al. (1997) reach simi-
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Table 7 
Mean efficiency levels by farm size and selected years 

Classification 1980 1982 1984 1986 

<50ha 0.718 0.647 0.614 0.615 
50-IOOha 0.684 0.655 0.645 0.654 
>IOOha 0.735 0.665 0.628 0.622 

Mean 0.709 0.654 0.628 0.631 
Minimum 0.532 0.516 0.494 0.498 

Jar results comparing competing models proposed in 
earlier research. A specification in which technical 
efficiency is a quadratic function of time and varies 
across firms produces the most reasonable levels and 
temporal patterns. 14 

Regarding technical efficiency (Table 7), one can 
observe smooth changes over time and only small dif­
ferences across types of farms. There seems to be no 
conclusive evidence that bigger farms are more techni­
cally efficient than small farms. This is not in line with 
the findings in a number of other studies (Kumbhakar 
eta!., 1989; Bravo-Ureta and Rieger, 1991), and could 
be partly due to the fact that size is not properly cap­
tured by area. 

Mean technical efficiency is predicted as being 0.66, 
with a minimum of 0.47. On average, then, the same 
level of output could have been produced at about 
34% lower cost if farms had according to best prac­
tice. These measures tend to be somewhat lower than 
those derived from a variety of primal/dual stochastic 
frontiers (Bravo-Ureta, 1986; Bravo-Ureta and Rieger, 
1991; Kumbhakar and Hjalmarsson, 1993; 
Kumbhakar and Heshmati, 1995; Maietta, 1998). 
But they are comparable to others using the 
distribution-free approach (Maietta, 2000; Hallam 
and Machado, 1996; Ahmad and Bravo-Ureta, 1996). 
This result possibly reflects the fact that individual 
dummies may pick up other latent features along 
with technical efficiency. Recent applied literature 
seeks to simultaneously control for these explana­
tory variables, which typically include farm size, 
rented/tenanted land, soil quality, geographical char-

14 We also tested for the normality of residuals based on the 
normalized least squares residuals of Eq. (9) (Davidson and 
MacKinnon, 1993). The null of symmetry could not be rejected 
but there was no evidence of zero excess kurtosis at the I% level 
of significance. 

1988 1990 1992 198011992 Minimum 

0.649 0.714 0.638 0.657 0.477 
0.684 0.726 0.609 0.670 0.493 
0.645 0.691 0.595 0.656 0.469 

0.661 0.713 0.618 0.662 0.469 
0.530 0.586 0.469 0.469 

-+-<50ha 

-)K- 50 to 1 OOha 

0.55 

Fig. 3. Mean efficiency levels by farm size. 

acteristics and farmer age and education15 (Battese 
and Broca, 1997; Battese and Coelli, 1995; Maietta, 
1998). A common finding is that age has a negative 
effect on technical efficiency. In our panel, the mean 
age is more than 55, with one fifth of farmers above 
66 and a maximum age of 80. 

From Fig. 3, one notices some improvement after 
the introduction of the production quota followed by 
deterioration at the turn of the decade. Interestingly, 
this has been particularly true for medium and large 
farms. If this ranking reversal is based on valid com­
parisons, it contrasts with the opinion that most effi­
cient farms are likely to persist in their pre-eminence. 
A tentative explanation is that large farms exploited 
their market power and exceeded their own allotments 
as long as quotas were granted to dairies and unused 

15 More recently hypotheses have been advanced recrarding the 
process by which financial exposure may exert an i:fluenZe on 
efficiency (Nasr et al., 1998). 
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Table 8 
Frequency distribution of efficiency levels by period 

Efficiency levels 1980/1992 1980/1984 198511992 
(%) (%) (%) 

Below 50% 1.7 1.0 2.1 
50.1-60% 27.9 32.7 25.0 
60.1-70% 44.3 38.0 48.2 
70.1-80% 16.7 19.0 15.2 
80.1-90% 5.3 4.9 5.5 
90.1-100% 4.1 4.4 4.0 

Cumulate 100 100 100 
Standard 0.10 0.11 0.10 

deviation 

volumes could be reallocated to other producers. When 
the scope for this type of compensation was some­
what reduced, small farms in the panel turned out to 
be more flexible in adjusting their productive capacity. 

From the frequency distribution in Table 8, it is ap­
parent that, overall, only less than 10% of the observa­
tions have a predicted technical efficiency of 80% or 
more. Farms are mostly concentrated (about 44.3%) 
in the efficiency class 60.1-70%, which is also the 
class that has changed the most between periods, in­
creasing from 38 (198011984) to 48% (198511992). 
The percentage of more efficient farms is about con­
stant whereas that of farms having predicted technical 
efficiency of 50% or less doubled between pre- and 
post-quota periods. In a sense, the median class shifted 
towards slightly lower efficiency levels. 

5. Concluding comments 

In this study we have estimated a short-term spec­
ification of the SGM cost function that allows for 
quasi-fixed inputs and variable returns to scale so 
that the role of temporary equilibrium and economies 
of scale can be investigated. A two-stage procedure 
is used to estimate first the restricted cost function 
parameters and then farm-level technical efficiency. 
A balanced panel of Italian dairy farms observed 
over the years 1980-1992 serves as the case study. 
Production technology is analysed through a set of 
price elasticities of both variable inputs and shadows 
prices. Input technical efficiency is based on the fixed 
effect model, so that no distributional assumptions 
are required to separate out the first-stage estimated 

residuals. Individual scores, which vary according 
to a second-degree polynomial of time, reflect input 
over-utilisation as compared to the most efficient farm 
in the sample. The main results of this exercise can 
be summarised as follows. 

In the short term, variable inputs are found to be 
inelastic, substitutes for one another and much more 
responsive to output than price changes. There ex­
ist scale economies and excess capacities in all farm 
groups; both quasi-fixed inputs are under-utilised, al­
though the tendency is towards reducing disequilib­
rium over time. 

Farms are characterised by a relatively high rate 
of cost reduction: 3.5% per year at the panel mean. 
Technological bias is towards the use of other inputs 
and economising in hired labour and purchased feeds. 

Mean technical efficiency is 66%. This result might 
be interpreted as a measure of a disappointing techni­
cal performance after the introduction of milk quotas, 
but to certain extent it also reflects the approach cho­
sen, as suggested by previous studies. There is little 
evidence that larger farms tend to be more efficient, 
which of course may depend on the hectare-based defi­
nition of size. Estimates show that small farms are only 
slightly less efficient as well as less heterogeneous 
than medium/large farms. There is, however, some ev­
idence of smooth variation of efficiency over time, 
with a notable break at the turn of the decade when 
the rating reverses and small farms take the lead. An­
other finding is the narrow spread of efficiency scores: 
around 88% offarms are concentrated in the efficiency 
class 50-80% with a stable distribution over time. 

Given the illustrative nature of our study, we be­
lieve the model has displayed some potential and has 
given pertinent answers within the chosen framework. 
Of course, further work remains to be done. First, 
the panel is not entirely representative. Hence, the 
behavioural insights and policy implications outlined 
above are not straightforwardly extendable to the 
whole Italian dairy industry. Second, generally farms 
are multi-output firms, with varying degrees of spe­
cialisation. So, using aggregate output as measure of 
economic performance hinders the possibility of ap­
preciating the effects of production quota on decision 
processes on dairy farms. A multi-output multi-input 
specification of the restricted SGM cost function 
would be a more promising and appropriate frame­
work of analysis. Moreover, given that the organisation 
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of the dairy sector in the EU has changed significantly 
over time, it would be interesting to have an extended 
period of investigation and see whether the recently 
introduced transferability of quotas has brought about 
significant changes in the estimated parameter values 
and technical efficiencies. Last but not least, individ­
ual efficiency estimates have limited utility for policy 
and management purposes if empirical studies do not 
investigate the possible sources of inefficiency. 

Responding to these questions will provide a bet­
ter understanding of the role of production quota in 
the Italian dairy sector and represents an interesting 
agenda for future research. 
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Appendix A. Parameter estimates of the SGM 
cost function 

Parameter Estimate Standard error 

SFF -38.75 17.62 
SFI 20.20 16.31 
srr -29.94 16.01 
hFF 266.0 17.97 
hFFDM -28.11 4.323 
hFFDL -36.15 5.822 
bn 43.55 13.81 
brrDM 21.34 3.180 
brrDL 44.93 4.307 
hHH 60.35 9.473 
bHHDM 26.01 2.942 
hHHDL 28.23 3.855 
hF -9.674 3.539 
br 5.180 2.662 
hH 23.57 2.121 

hFt 16.05 13.81 

brt 38.41 10.69 

hHt 3.235 6.841 

Parameter 

bt 
byy 

btt 
dFL 
dFK 
drL 
drK 
dHL 
dHK 
CLY 
CKY 
CLt 
CKt 
CLL 
CLK 
CKK 

Estimate 

-14.46 
-88.83 
-33.09 
-35.94 
-86.49 
-5.986 
-7.848 

-30.64 
-10.56 

3.002 
25.38 
0.4651 
9.315 
8.470 
9.748 

11.22 

Standard error 

5.858 
12.86 
8.394 

12.57 
16.92 
9.695 

13.04 
6.211 
8.398 
5.605 
7.494 
5.401 
6.739 
4.367 
3.131 
6.742 

The log-likelihood is -7344.88. Positive semidefi­
niteness of the Hessian of quasi-fixed inputs imposed 
with the semiflexible technique. Standard errors com­
puted from the quadratic form of analytic first deriva­
tives (delta method). Glossary of parameter subscripts: 
F, feeds; I, other inputs; H, hired labour; Y, output; t, 
trend; L, family labour; K, capital; DM, classification 
dummy (1 if 50-lOOha, 0 otherwise); DL, classifica­
tion dummy (1 if more than 100 ha, 0 otherwise). 
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