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Abstract

A stochastic production frontier has been estimated to measure the technical efficiency of an
unbalanced panel of beef cattle farms extracted from the Farm Accountancy Data Network (FADN)
databank of Veneto region in Italy. The technical efficiency is measured based on the estimation of
a non-neutral and heteroscedastic production frontier. The model explains the average value of
technical inefficiency as a linear function of the farm-specific variables (Battese and Coelli, 1995)
and the input interaction variables (Huang and Liu, 1994). The inefficiency term is assumed to be
distributed as a truncated normal with a heteroscedastic variance explained as a function of the
farm-specific variables (Reifschneider and Stevenson, 1991).

The average value of the farm technical efficiency is 78.6% ranging from a minimum of
30.6% to a maximum of 97.6%. The technical efficiency is positively related with the herd extension
expressed as number of LSU (Livestock Unit), the value of beef production per LSU, the rate of
purchased concentrated feed, and the percentage of concentrated feed used over the overall feed
expenditure. Conversely the technical efficiency is negatively correlated with the intensification of
the use of buildings investment and labour per LSU.
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1 Introduction

Beef cattle productionplays an importantrole in the Italian agriculture in relation with his
economic dimensionand with its involvement in the Comnon Agricultural Policy (CAP). The
budgetallocatd to the beefsectorfrom the CAP for the whole European Union on 2005is 7.9
billion Euro, correspondingo 14.7% of whole agricutural budge (Europea Patiament 2005)
Despitethe large amountof reurcesallocated, the orientdion of CAP doesnot encouageltalian
rearng system,being comparativelybeter tailored for extensivesysemsbasedon grazing cattle
practicedin mainlandEurope.

Spedalized Italian beef cattle production,is paricularly different from mainland Europe’s
beefrearingsystem, eecially for farmslocatd in the northen lowlandthataccountfor the most
part of prodiction. Indeed beef cattle producton is specalised on fattening light young bulls
importedmainly from France rearedin indoorfeedlots and fed with locally producedeed(mainly
fodder maize and partly cereal} until finished weight The indoor rearing system give the
possibility to cultivate the farm field with maze (corn andfodder)that givesin this regionone of
the highestyield in the world. The availability of locd feedfor beefcatle productionallowsto: i)
increasdhe value added achievablewith field cropsprodudion andii) improvethe quality of beef
and the speedf daiy weightgaintharks to the high quality andenergetic conentof diet.

In the contest of Italian beef sector Vendo Region,locatedin the North-Easternltaly, has
beentakenascaseof study.Beefin Veneb is oneof the mostimportant agricultural products,with
dairy one, representingthe 11.2%of the value of regional agricutural productionand as muchas
15% of naional beefproductionin 2004 (ISTAT - Italian Institute of Statistic).

Since the begnning of CAP, ltalian bed marké¢ has been mostly based on national
appreciation of beefquality thatassuredo produces, in the context of European/Italiamarket, a
premiumin price. This premiumin price is further enhancd by the structuraldeficit of the Italian
beef market The recentprogressivdiberdisation of agricultural markes and the orientation of
CAP toward extensivesystemhaveincreasedhe compditive pressuresn the Italian beef maiket.
In particular the globalisationand the structurad defidat of Italian beef market encourag beef
imports. The currert Europeaninternatonal policy for bed is basedon negotiationof European
import quot. This quotacantake advanageof a reduce tariff, while importationsexceedinghe
negotiatel quaapayafull tariff. The expansiorof bed productonin SouthAmerica, accompanied
by improvemend in quality andorganizaion alow, in somecondiions,to exportbeefto Europeat
competitive price also underfull tariff regime. The increasedprice compdition to local produces
brought aboutby importedbeefthreates the profitability of Italianbed catle production.The beef
cattle sectoris respondingo this pressurghrougha reorganisaon in termsof quantityandsize of
cattle farms (Boatto, Rossettoand Trestini 2004). Spedalised catie farms are estimaté to have
undergonearedudion of about30%in quantty, beween1990and 2000,with a parllel increasein
averagesizefrom 180to 222 headperfarm (Ferrazi and Preblani, 2005)

The paper aims to analysethe factorsthat affect the competitivenessof beef cattle famms
through the analysis of technicalefficiency. In particular, the study wants to identify the main
determinantffecting the level of techncal efficiency andthar role in orde to define strategieshat
farmersandpolicy makerscould adoptto improvethe secor compeitiveness.

The study propo®d in this paperevaluaestednicd efficiency of an unbalanceganeldata
sample of beef cattle farms, collectedin Veneb Region by National Institute of Agricultural
Economics(INEA) within the Farm Accountang DataNetwork (FADN) framework. It appliesthe
stochagic frontier approach propo®d for the first time by Aigner, Lovell and Schmidt (1977,
MeewsenandvandenBroeck(1977) and BatteseandCorra(1977), and following developments.

Althoughthe analysis of technicalefficiencyis widdy spreadanddiscussedn literature, with
severalapplicationto livestocksector(Batese,1992),publishedstudiesinvolve mainly dairy farms
and very few researchegdeal with the beef cattie secbr. Also the Italian literature pays little



attentionto analysethe efficiency beeffarms, oriening the research effort mainly on productivity
analysis (eg. Boato, 1987) and producton costsevaluaion. From this point of view this paper
could contibuteto improveknowledgein this researchfield.

Section 2 of the paperpreseng anddiscusseshe methodology,while Sedion 3 descibesand
analysesthe enpirical model whose resuts are disaussedin Section 4. Finally, conclusionsare
presentedn Secton 5.

2 Methodology

Accordingto Farrel’s (1957 approachTednicd Efficiency (TE) is defined asthe capability
of a prodwcerto obtainthe maxmum level of producton giventhe setof inputs (output-increasing
oriented) or asthe capabilityto use the minimum amount of input given a level of outputs(input-
saving oriented) (Koopmans19517).

Farell (1957) in his seminalwork, assunmmg constant returns to scale, proposé a measureof
TE based on an input-saving orientation. Defined a unit isoquant, describingthe minimum
combinationsof inputsneededo producea unit of output every combinations of inputsalongthe
isoquantare consderedtechnicallyefficient andany points aboveare tecmicaly inefficient. TE is
measuredas the distancefrom the observedinput combindion and the best combinationpoint
(techncaly efficient). With an output-increasing orientation TE is obtaned comparing the
observedoutputwith thatwhich could be producel by a fully efficientfirm, giventhe samebundle
of inputs.

Basal on Farrel (1957 model several procedureshave beendevdoped in literature to
estimate TE, seee.g. Battese(1992 and Murillo-Zamorano (2004 for a more comprehensive
review of the mostimportantmethodsand applicaions proposedn literaure in the contextof this
study.

This section is dedicatedto the Stochasti Frontier Producion (SFP) Function Models,
independey and simultaneouly proposedby Aigner, Lovell and Schmidt (1977, Meeusenand
vandenBroeck (1977 andBatteseand Corra(1977. In the SFPmodds the productionfrontieris
specifieddefining the outputas a stochastidunction of a given setof inputsthatincorporaesthe
inefficiency term. The presenceof a stochatic element makes the model lessvulnerable to the
influenceof outliersthandeterministidrontier modes. In thelatter, the productionfrontierfunction
is not subjectto statisticalnoiseand deviationsfrom frontiers are explaned only by meansof the
inefficiencyterm Examplesof deterministt frontier modds are given by Aigner and Chu (1968
and Timmer(1971). Theerrortermof a stochatc frontier may be sepaatedin two terms:arandom
error (statstical noise) and a randomvariable that explains the techncal inefficiency effect. In
generala stochastt prodiction frontier canberepresenteds:

Yy, = f(x.B)expe (1)
e=(v, —u,) i=12,.....N

wherey; denotesthe level of outputfor thei-th observatn; x; the row vecor of inputs; S is
thevectorof paranetersto be estimatedf (.) is a suitablefunctionalform for thefrontier production
function; v; is a symmetrc randomeror assumedto acount for factors that are not under the
control of thefirm, factors notincludedin the producton function anderrormeasuremesf andu; is
an asymmetricmon negativeerrortermassumedo accountfor technical inefficiencyin production.
Thev; random term is assumedo be independat andidentically distibutedasa normd random

variade with zeromeanandvariances?:

vi~N (0, o2) i=12,.....N



On concernng the u; distribution, several proposals have been formulated; half normal
(Aigner, Lovell andSchmidt, 1977),exponentl andgammna (Greene1980. The mostdiffusedand
generally accepted assimption is the hypothesis of independentaind idenically distribution as a

truncaion at zero of a normal distribution with meanp and variance o2 is (Kumbhakar, 1987,
Battes andCoell, 1988).

u~N|[0, o] i=12,.....N.

Truncatednormal distribution overcmes somre shortcomings of othe distributional forms.
Half-normal and Exponentialdistributions both have a mode at zero. This causesconditional
technical efficiency score, especiallyin the neighbourhoodof zero, which caninvolve attificially
high technca efficiency level. Additiondly Gamma distribution does not imply a shapeon
distribution overcomingthe shortcomingof truncaed normal but the compkexity associatedvith
theestimaton procedureseemdikely to overweghttheir benefis (Murillo-Zamorano,2004).

The TE efficiencymeasureas obtainedcalculating the ratio of y; to the maxinum achievable
level of output:

TE = % =expu,) 2)

wherey is thefrontier level of output.

The MLE (Maximum Likelihood Estimation) of (1) estimatesthe value of 3 and the
individual value of u; throughthe separationof thecomposecirror € (Jondrow Lovell, Materov and
Sahmidt, 1982).

This modd has been applied firstly to crosssedional dataunderthe hypothesiof haf-normal
distribution of u; (Aigner, Lovell and Schmidt,1977). Than, consequentlyo inconsisencyof cross
sedional estmation of u;, pand datamodds havebeen formulated (Pitt andLee, 1981, Kumbhakay
1987 Batteseand Coelli, 1983). Finally Battese,Coelli and Colby (1989) proposd a MLE
edimation based on unbalancd paneldatawith atruncatechormaldistributionof u;.

Most of SFPmockls proposedin literaturegive a consisent measureof techncal efficiency
but arenot appropriatedto evaluatefactorsthat affect efficiency. In fact the previousmodelis able
to associata level of efficiency to ead observatiorbutit coud bealso intereding to evaluatehow
differentvariables affed the level of efficiency. In order do edimate thes effects, someauthors
proposeda so called two stage appoach; the fir st stageinvolvesthe specificationand estimation of
the SFPfunction and the prediction of the technica efficiency of firmsinvolved;the secondstage
of analysisinvolvesthe specifcation of a regression modelfor the levelsof technicalefficiency of
the firms in termsof varnous explanabry varablesand an additive randomerror (Pitt and Lee,
1981; Kalirgjan, 1982. An alternative approachregardsthe one stage procedureusng methods
tha involve an efficiency effect model inside the stochast frontier modelspecification Efficiency
effeds are moddled in temrms of different explanatoryariablesthrougha simutaneousestimation
of frontier productionand inefficiency effect model (Kumbhakar et al., 1991 Reifschreider ard
Stevenson,1991; Huangand Liu, 1994).

Accordingto Battese and Coelli (1995, the two stages procedures areinconsistentwvith the
assumptia that u; is indepeneértly and identically distributed. Becauseof that It should be
preferredthe one stage approachthatovelitakes this shortcaming.



In addiion BatteseandCoelli (1995 proposed one stage modelappliedto paneldatawhere
the efficiency effect model is specifed by mears of a set of firm-specfic variablesdirectly
incorporatel in the MLE.

In Batteseand Ceoelli (1995, the inefficiency term u; has a truncated (at zem) normal
distiibution with mearvz, :

Uy =06z, +W, (3)

where w, is a randam error term which is assimed to be independentlydistributed as a
truncatednormalwith mean zero andvariances’ suchthatu is nonnegtive (W, > 6z, ).

Thez;; isthe setof firm-specifc variablesusedto explan inefficiencytermands is the setof
unknownparametes to estimée.

Previousmodels by Refschneiderand Stevensn and (1991 HuangandLiu (1994, evenif
were notapgied to pand daa, theyintroducedsomeinterestingspecifications.

The first acounted the effect of firm-specifc variables to inefficiency term variance
introdudng the hypothesis of a hetercsadasic relation:

oy =0y, +9(%,5) (4)

HuangandLiu (1994) assumd thatthe explanatory variablesin the inefficiency model coud
be explained besidksfirm-specific variables,alsoby interadion variablesof the stachastic frontier
with firm-specific ones This makesthe model a nonneutal shift of the traditional averae
responsdunction

3  Empirical model

Frontier production model specification

Accordirg to the theoetical framework proposedn the previous sedion, there follows the
descrption of empirical model appliedin this work.

The stachadic production frontier applied to unbalanced panel
data,y, = f(x,, ) expyv, —u,), hasbee appoximatel by a Cobb-Douglasfunctioni.e.:

N
In(y;,) =B, + Zﬂn InX + 6T + v, —uy (5)

n=1

the term vi; is a symmetricand nomally distributed random error, which represat those
factorsthat can not be cortrolled by farmers, measurment errorsin the dependent variabke ard
explanabry variadesomitted. Thetermv;; andu;; are assuned to beindependentlydistributed.

Theterm uj; accountdor the inefficiency effect. In the modd is assumedha the meanof the
pre-truncateddistribution dependon both farm-specific variablkes and input-interacton varables.
In addiion variarce of pre-truncatedlistribution dependsonly onfarm-specificvariabks.

Theseassumpons leadto the estimationof a hetercscalastic, non-neutrd producton frontier
model Partialary this modeljoins the Huang andLiu’s (1994) spedfic ationfor the meanand the
Reifschneicer and Stevenen’s (1991) formulation for the varianceasproposé by Karagianns and
Tzouvelelas(2005).



Thewhole specifcation obtainedis thefollowing:

N M T
/uit = 50 + 2 5n Xnit + Z 5m Zmit + Z 5t Dt (6)
n=1 m=1 t=1
M
o-fn = exp(eo + Z em Zmit j (7)
m=1

wherethe unknowvns parameteto be estimaedare:
- 0,, related to non-neutil effectvanables

- 0, relatad to farm-specificvariables;
- 0,, related to time dummiesvariables,
- 6., relatad to farm-specificvariablesin the variance moce!.

Accordirg to Karagiannisand Tzouvelekag2005 the above spedfication is fairly general
and includes severaimodek proposdin literature asspeial cases: i) if 6., =0 themodd becoms

a HuangandLiu (1994) non-neutralproductionfrontier model;ii) if 5,=J,,=J,= 0 assaiming no
meaninefficiency effectsand accouring only for hetercscedasticityeffect; iii) if 6,,=0,= 0 than

themodelis redwcedat the first technicalefficiency effect modelapplied to panel dataproposedby
Batteseand Coelli (1999); iv) if 6,=06,=06,=96,= 0 it resuts in a Stevenen (1980) model; v)

finally if 6,=6,=0,=6,= 6,=0 the model is reducedto Aigner, Lovell and Schmidt (1977)

proposal
The frontier mocel is estimatedoy the Maximum Likelihood methodusing Limdep program
(Version8.0).

Data and variables

Thedaasetusedin this study wasderived from the official Farm AccourtancyDataNetwak
(FADN) with referenceto the period betwesn 1980 and 2000. The final sampé is an unbalanced
panelwith 487 observatians. 221 farms were analysedwith a numbe of obsenations per farms
rangng from 1 to 8. Dependhg on avalability, datafrom 2001to 2003were excluded becase of
large differenceof farms charactestics occuring after a complete turnover in the regional farm
sample Indeed,thelatter periodconsistof largerbed cattle farmsin place of family farmsincluded
in the previousperiod.

Althoughin the sanple therearealargenumberof farmsrearingbeefcattle we sdectedonly
observatbns specialised on this produdion system In addition, also mixed fams have been
excluded This ersuresthat the underlying assumption of the bestpracice frontier apprach (i.e.
thatthe sampe farmsoperateundera commontechrology) is me asfully as possble.

In the stochastidrontier production, the output hasbeen meauredas gross production value
expresedas a diff erencebetweerfinal andinitial value of céatle stock respetively atthe endand
at the beginnng of one year,addng the value of sdes and deductingthe vaue of purchases.This
valuedescribesthe increasen beefcattlevalue obtaned duringadefined periodof time.

Amonrg variablesusedto explainfrontier productionfunction (Table 1), capitals have been
introduced as user cost in place of stock value User cost has been calculating, following
ChristensenandJorgensor{1969), throughthe sumof the opportuniy costof capital andthe anrual
deprecation of capital.In caseof leased cepital theprice paidis consideredsusercost.

The usercostof fixed assetincludes land andfarm building value. The use costof no-fixed
assetaccount for machirery and input/outputstocks.The cdculation of use costsof the latter is



done with refererce to the depredation, for machinery,and the opportunity cost of both the
invegmentin machirery and the netarticipation in valuefor inputs.

The livestockvalue has not been consdered as a capitd but asa productwaiting to be sold,
sinceit represent part of the value of the cétle sold atthe end of its lif ecyde (INEA, 2000b). This
valuehasbeenconsideredhrough the opportunitycost of the no-fixed captal. The labour hasbeen
considerd asa physicalvaluecorrespondindo thetotal numberof hours availabk.

The final specification does not include feed coss beauseof its high corrdation with the
grossoutput. One posgble solution wasto specify the frontier as value added or to exclude the
variabks from the model. The latter option hasbeen adoptel assumingthat there is a techncal
relationshipbetweenfeedcods and grossoutput.

All valuesexpressedn Lire havebeenconveted in Euros and then deflatedto 1980 prices
basedon ISTAT (ltalian Institute of Stdistic) official prices index Sincethes indicesvary over
timebut not overfarms,andfarm-specific price werenot available,diff erencs in quality of outputs
or inputsarereflectedin differencesn quantity(Reinhard 1999.

Table 1— Variables and parameters of the stochastic production frontier

Parameters  Variables Description

B, Independents variables

Lo SKFO User cost of fixed capital (€ 1980 base)
Lces SKES User cost of no-fixed capital (€ 1980 base)
Biav LAV Labour hours

,BT T Time

An additonal setof variableshasbeenconsideredto explaintechnical efficiencydifferenes
acrossfarms. The variablesused are taken from literature depending on dataset availability. A
synthetic review of variablesusedin literatureto explaindifferencesin farms techncal efficiency
with specialattertion to livestock famsapplicaionsis presated in Table10 of Appendix.

Variables introduced in the empirical model have been classified in two main groups
accading to HuangandLiu’s (19949 spedfication tha distinguishnonneutrds variablesandfarm-
specific variables(Tade 2 and 3). Variablesusal to explain technical effi ciencythat hawe resuted
to besignificant are:

—FAB: theannualdepeciationof farmsbuilding perLSU;

—ULAv: the numberof total labou hour availableper LSU;

—LAVF: theshareof family labou overtotal labour;

—PL: thevalue of grossproductionperLSU,;

—UBA: thenumberof LSU;

—Q_MANG: theshareof concentréedfeedpurchasdover totd concentredfeed expenditure

—Q_FoR: theshareof fodderexperditure over total feed expenditure;

—PoLicy: atime dummyvarialde tha accountsfor Mc SharryCAP Reforn the variablehave
adummyvalueequal to 1 for yearsafterthereform (1993 andequd to O fro yeas before

Summary statisticsof variablesusedin themodé are given in Table 4.



Table 2 — Explanatory variables and parameters introduced in the mean model of inefficiency term

Parameters Variables Description

o, Non-nentral variables

Orng FAB Annual depreciation of farms building per LSU (€ 1980 base)

OLay ULAV Number of total labour hour available per LSU

O avE LAVF Share of family labour over total labour

Om Farm-specific variables

Op PL Value of gross production per LSU (€ 1980 base)

Ouga UBA Number of LSU

Sy wme Q_MANG Share o.f concentrated feed purchased over total concentred feed
- - expenditure

5Q_,:OR Q_FOR Share of fodder expenditure over total feed expenditure

0, Time dumny

S ooy PoLICY Time dummy variable that accounts for Mc Sharry CAP Reform —

equal to 1 after 1993 and 0 before

Table 3 — Explanatory variables and parameters introduced in the variance model of inefficiency term

Parameters  Variables  Description

0, Farm-specific variables

Op, PL Value of gross production per LSU (€ 1980 base)

N UBA Number of LSU

0 Q G Share of concentrated feed purchased over total concentred
Q_MARG — feed expenditure

05 ror Q_FOR Share of fodder expenditure over total feed expenditure

The first three variables (FAB, ULAv and LAVF) andPoLicy have beenusedto explainthe
meanof pretruncateddistribution of the technical inefficiency term. The following four varnables
(P, UBa, Q_MANG and Q_FoOR) arethe firm-specific variablesusedto explain both the mean and
thevarianceof pre-truncateddistribution of thetechnical inefficiency term

FAB and ULAV give an evalwation on the intensityin useof inputsper LSU as proposedby
Hallam and Machado(1996), Weersinket al.(1990 and Ahmad and Bravo-Ureta (1996). A high
levelof thefirst variable(FAB) describeshe presencef alow level of utilisationof farm buildings
or the presene of an overcapitaligtion. According to Weersink et al.(1990, this variabk is
expeckd to have a negative effect in tedchnicd efficiency. The se®ond variable descibes the
presenceof hide unemployment,few utilisations of labour saving technologies or absene
econaniesof scale,s expectedto haveanegdive effecton TE (Ahmad and Bravo-Ureta, 1996).

The vaiiable LAVF could have a doude mearing. On the onehand,it describes the effed in
technicalefficiency of the presenceof hired labour (Weersirk et al.,1990, Moreira, Bravo-Ureta et
al., 2009, on the other,consdering the family characeristic of farms analysedjt could be anindex
of completeemploymenbf family labour.Moreira, Bravo-Ureta et al. (2004) havefound a positive
relationshipbetweentechnicalefficiencyand presnceof hiredlabour.

Thegrossproduction valueper LSU, expressedby PL, is introducedasanindex of quality of
finishedbeefcattle.No applicationson beef cdtle farms could be foundin literature but a similar
specificationis given by Weersinket al.(1990, appliedto dairy farms wherea yield variabk is



used to exdain managementapability of farms A positive relation between technical efficiency
and milk yield is foundin literature.

The size varialdes are widely used and UBA in this work representthe effect of herd
dimensionin techical efficiency. Evenif most of the publishedworks show a positive relation
betweenherd sizeard TE (Boatto, 1987, Weersinket al.,1990, thereis no aunivocal resulsin this
direction(AhmadandBravo-Ureta,1996.

The shareof concentratedeedpurchagdfrom the marketis proposel alsoby Weersnk et al.
(1990) and in the dairy farm applicaton it results to have negatively correlaed with TE. The
variabke Q_FoRr describs the relative level of concentrate feed in the diet. A similar variable is
usedby Boatto(1987) andAhmadandBravo-Ureta (1996.

Table 4 — Descriptive statistics of variables in the model

Variables Min. Max. Mean S.D.
Gross production value (€¥) 944 493.856 34.053 39.871
User cost of fixed capital (€) 469  28.854  4.303 3.759
User cost of no-fixed capital (€) 247 22.508 3.077 2.549
Total labour hour 1.316  10.670 4.002 1.742
Annual depreciation of farm building (€) 1,03 143,8 20,6 21,4
Total labour hour per LSU 12,4 1.316,7 165,9 185,9
Share of family hour over total 0,52 1,00 0,99 0,06
Number of L.SU 2,6 358,3 50,6 51,5
Gross production value per LSU (€) 218,9 2.158,0 690,7 255,6
Share of concentrated feed purchased 0,00 1,00 0,80 0,25
Share of fodder expenditure over total feed expenditure 0,00 0,93 0,46 0,20

* Vauesareexpressed with 1980price base.

4  Resultsand discussions

The GenealisedLikelihood-Ratio (GLR) test hasbeen adoptel to evaluate the beter model
gpecification betweenthe models purposedin literatue. The GLR compare the resticted model
with respecto theadopgedmocel. The statistt assocated with this testis definedas:

A=-2InA :—2[|n L(Ho)} =—2InL(H,)-InL(H,)]

L(H,)

where L(Ho) is the Log-L vaue of the restrictedmodel speified by the formulation of null
hypothess, andL(H1) id the Log-L value of the alternativemodé hypothesis (the adoptedmockl).
The statisticA has approximatelya chi-squaredistiibution with a numbe of degees of freedom
equal to the number of restrictions.When A is lower than the correspndentcritical value for a
given level of signficant, we canrot rejectnull hypothesis

Thefirst null hypothesisthataimsto testif inefficiency effectare absentfrom the model is
strongly rejecta from the model.

Following testsaimsto evaluatef the heteroscdastic, non-neutral SPFcould be significanty
acceptedwith respect to reducedmodel previousl propo®d in literature(Table 5). The restriced
model is significartly rejectedwith a 95% level of confidence.We cannotregect the hypotesis of
null constamin meanand variancemodel of inefficiencyterm becawse of the singulaly estmation
of themodds thatinclude the constant.



Table 6 — Generalised maximum likelihood test of different model hypothesis

H, Model A Critical
u=0,=0,=0,=06,=0 No inefficiency effect 589.04 leg =22.36 Reject Ho
0,=0,=0,=6,=0 Stevenson (1980) 321.72 y2=21.03 Reject Ho
0,=0 Huang and Liu (1994) 3017 yZ=949 Reject Ho
6.=6,=0 Battese and Coelli (1995) 24750  x2=14.07 Reject Ho
0,=0 Heteroscedastic, neutral SFP 99.08  y2=7.81 Reject Ho
0,=0,=0,=0 Reifschneider and Stevenson’s (1991) 625,13 2 =1551 Reject Ho
0,=0 For 6, #0 the model is singular Accept Ho
6,=0 For @, #0 the model is singular Accept Ho

The ML estimdion gives significant parametersof the frontier productionfuncion at 5%
levelof significance.For all variablesthe signs arepositiveasexpecte.

Since the Cobb-Douglasfunction coeffidents give an elasticity interpretition, the value can
be takenas a measue of elasticity. The estimde of parametersndicatesthat the usercostof no-
fixed asset is the most important contributorto frontier produdion (0.304) followed by labour
(0.221)andfixed as®t (0.095) The sum of elasticity of paranetersgives an indicaion on scale
ecoromy. Becausef the exclusionof feedcostsa corred evaludion on scaleeconomyis notled.A
timevariablehasbeenintroducedin thefrontier specifcationto evaluatethe effect of tecimological
progresson the production. The paraméer estimaed has a positive sign and its value (0.000)
suggess an increaein the production of 0.9% per yearthat could be accoungéd as techological
progress.

Table 6 — Maximum Likelihood estimation of stochastic production frontier

Parameter  Value t-ratio  Sign.  Parameter Value t-ratio Sign.

Stochastic frontier

Bo 5,985 12,16 *** B 0,221 3,31 ***
Bsro 0,095 2,39 **x S 0,009 3,02 ***
Paces 0,34 8,63 ***

Efficiency effect model

Mean model

Orag 0,027 2,34 **x Ouga -0,046 -1,96 **
OuLay 0,010 3,87 *E 06 wmanG -6,132 -2,34 **
O vk 12,570 2,77 *** 06 For 9,926 2,94 ok
Op -0,004  -1,27 OpoLicy 1,375 2,17 **
Variance model

O, -0,001 -2,27 ** 5 wanc 0,585 2,13 **
Oea -0,019 -3,48 ok 05 ror -1,278 -2,78 *¢*
A 0,706 2,62 *** o, 0,212 2,73 ***
Log-L. -12905

Thesignificanceof paraméersis: 1% (***), 5% (**) and 10% (*).
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The esimated outputorierted technicalefficiency is, in aveage,76.8%. This value indicaes
thaton averagdirms concernectould increaetheir outpu by 23.2% usingthe samenput bundle.
The paraneter A, thatexplin theratioo, /o, , beingsignificant at a 1% level allows to state

that the inefficiency term cortributessignificantly to explaina part of variability in output of our
sample. The significarce of this paramete could also be taken as an index of presence of
inefficiencyeffect in themodel.

The variablesintroducedin the meanmodel of pretruncatedistribution of the inefficiency
term (u;) explain a correlationbetweenthemandthe inefficiency value: a paraneterwith a postive
sign indicatesa positive correlationbetween the associatd variable andthe techncal inefficiency,
and conseqgently a negativerelation with techncal efficiency (TE). For the variance model the sign
of the paraneteris relatel in the samedirection with the variance of inefficiency term and of
technicalefficiency.

Themeanfunction of pre-truncateddistributionof inefficiency is positively correlaedwith of
buildings value (FAB) andlabour (ULAV) by averageLSU number. As pointed out before,a high
value of buildingscaptal per LSU could be an expressiorof a low level of utilisaion of avalable
assetsor a indication of overcapitalisationln line with Weersinket al. (1990 anincreasen this
variableleads to a reduction of technicalefficiency. A high availability of labourper LSU coud be
related with the absewe economyof sale and with a limited utilisation of labou saving
technologiesin addiction, consideringthe family chaacteristis of farmsanalysed,ULAv could be
indicative of the presenceof hidden unemploymat (Ahmad and Bravo-Uretg 1996. Positve
correlationof this variablewith techncal inefficiency would induceto think that a reducton of
labaur intensty perLSU canimprovetednicd efficiency.

The samesuggestionis given by the LAVF coefficient. A positivesign suggsts anincreasan
technicalefficiency associatedvith anincrease of hired labour. Consideing the limited utilisaton
of hiredlabaur, the presenceoud be betterassociateavith the redudion of hiddenunempbyment
of family labour, thanwith an efficiency effect of the high qudification of externalworker. This is
particularly true in the caseof beef cattle farms wherethe managemet factor is more important
thanspecialisedob, in comparisa with dairy where e.g.milking stageis a key element influendng
milk quality, yield andsanityaspects.

Considerng significant farmsspecific variables,the inefficiengy termis negdively correlated
with herd size (UBA) and with shareof purchasedconcentratel feed (Q_MANG). The herd size
being the main variable that influences the level of output,canbe accounted asan index of scak
efficiency effect. Following Weersinket al. (1990 andBravo-Uretaand Reinger(199]) the sale
hasa postive effed in technicalefficiency.

In contrast with Weasink et al.’s (1990 reallts, in this work the shae of purchased
concentratedeedis negativelycorrelatedwith inefficiency term, havingpositive effectto techrical
inefficiencylevd. Onthe otherhand,techicd inefficiencyis positively corrdated with the sharein
value of fodder feed over total feed (Q_FOR). The value of this variable dependsmainly on the
geneticcharacteristicof animalsrearedandonthelevd of expecteddaly gainin weight Thisresult
suggestdhata strategy orientedtowardsanintersification of reaing systam leads to and increaein
output orientedtechnical efficiency.

Finally the analysisof time dummyvariable(PoLicY) suggest that the introduction of the Mc
Sharry Reform of CAP (that reducedprice orientedpolicy through the introducton of partially
decaupleddired paymens) is correlatedwith aredudion in techni@l efficiency. We canarguethat
farms strategiesdn a contextof a direct paymentsystemare not simply orientedto maximize the
factorproductivity sincea lower resultcould be accepedif there is the possibilty to maximize the
totalincome
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Table 7 —Variables effect on technical efficiency

Variables Sign of & Effect on TE
FAB + Negative
ULAv + Negative
LAVF + Negative
UBA — Positive
Q_MANG - Positive
Q_FOR + Negative
PoLicy + Negative

The vanancemocdel permitsto correctfor heterosceasticityin oy giving, in addtion, some
indicationson variales not significantin meanmodd. The grossoutput value per LSU was not
significantin meanmodel but shows a significantnegative signin the varianceone.An increasein
value of this varialde is correlatedwith areductionof inefficiency/eficiencyvariance. Becausethe
inefficiency term is positive truncateda reduction in vanance has patial effect on reducng
technicalinefficiency. The sameeffectis obsevable for the herd size whereasfor Q_MANG and
Q_FoRr the signsareoppositecompaed with those of the meanmode.

Table 8 gives descriptive statistics of variables introducedin the model evaluaing the
differencesin averagevalue betweenthe first and last technical efficiency’s quartile. The average
values are significanty different at 1% and give indicatiors on farm strategyprofile of bestand
worstperfaming farmsin the sample Resultsarecoheentwith modelindications.

Table 8 — Mean values of variables introduced in the model of the first and last technical efficiency

quartile.
Variables Description Flrs_t Lasf Total
quartile quartile
(Fab) Annual depreciation of farm building (€ base 1980) 10,1 31,8 20,6
(Lav) Total labour hour per LSU 61,7 2899 165,9
(Lavf) Share of family hour over total 95,6 100 98,8
PD Gross production value per LSU (€ base 1980) 744 605 091
(Uba) Number of LSU 114 19 51
(Q_mang)  Share of concentrated feed purchased 87,4 73,9 80,3
(Q_for) Share of fodder used in fed diet 38,1 54,0 46,4
Technical Efficiency 0,938 0,605 0,786
Number of observation 122 122 487
% of simple LSU 56,6 9,4 100,0

Furtherindications could be obtainedanalsing TE following different classificaton criteria:

1)  TEincreases with the sizein LSU. Farmson the samplewith lessthan 10 LSU havean
averageTE of 62.6%. This value progressivelyincreagesto 95.2%for farmswith more
than100LSU,;

i)  The number of Annual Work Units* (AWU) is not asseiatedwith a cleartrerd to TE.
We canonly saythata clearaveragdy higherlevel of technical efficiency is asocided
with farmswith morethan2 AWU (85.8%y);

1 On considering the variation of AWU definition along the analysed period, the number of hours are standardized to 2200

hours per year,
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iii)  Thelevel of TE appeargo be higherin aveagefor farmslocaed in lowland(79.2), that
make use of credit (85.0%) and hire extern& labour (91.6%) comparel with those
locatedin mountains or hills (74.2%), that do not makeuseof credit (78.0%)and use
only family labour (77.5%);

iv) Farmsthat mana@ rented land have not particulaty different value on average TE
comparel with others.

Table 9 — Mean value of technical efficiency based on different classification criteria.

Classification Mean % LSU % Observation
LSU classes

<10LSU 0,626 1.4 11,5

10 - 50 LSU 0,753 30,9 56,5

50 - 100 LSU 0,863 243 18,3

> 100 LSU 0,952 43 4 13,8
Classes of UAA

<5ha 0,688 12,3 28,5

5-10 ha 0,785 26,7 333

10 - 20 ha 0,830 30,7 253

> 20 ha 0,918 30,3 12,9
Classes of AWU

<1AWU 0,758 5,7 9,0

1-1,5AWU 0,737 18,3 32,6

1,5-2 AWU 0,766 19,8 253

> 2 AWU 0,858 56,3 331
Geographic area

Lowland 0,792 89,6 88,7

Hill and mountain 0,742 10,4 11,3
Credit access

No 0,780 85,7 91,0

Yes 0,850 14,3 9,0
Rented land

No 0,785 59,9 63,2

Yes 0,788 40,1 36,8
Hired labour

No 0,775 80,7 92,2

Yes 0,916 19,3 7,8
Total 0,786 100,0 100,0

5 Conclusions

The results of the aralysis allow to concludetha outputoriented technica efficiency is
significant to expain part of variability in output of bed cattle farms of Venetoregion. Among
variablesthat expgain the technicalefficiency effed, the level of inputs (value of catle buildings
and labour) per LSU hasa negative affectin TE. It seemghatfor more technicaly efficientfarms
the lower level of utilisation of inputsper LSU coud be associatd with: i) the utili satonsof labaur
saving techhologies, ii) the presenceof ewmnomy of scale and iii) a redudion of hidden
unemploymenandovercapitalisatiofWeeasink et al., 1990.

Among firm-specific variablesthe farmssize expressé by the numberof LSU, plays an
importantrole in explairing technicalefficiency with a positive effect. Also the marke orientation
for the provision of concentratedeedandtheir shae on whole diet has a postive effecton TE. It
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seemsthat strategiesoriernted toward an increae in herd size and towards the intensificaton of
proces (marketorientationandhigh erergetic diet) allow farmsto improvetheir efficiency.

The recentevolution of the secta follows descrbed orientationthrough an increaseof herd
size of farmsstill in themarketandthe exit of smdler and margina onesas observedn thelasttwo
structuralsuveys (1990 and2000. The resultsof the modd seemto be consisernt with the secor
strategiesn act.

Considerngtheresultsreachedthe amalysisproposecas someaspetstha shouldbefurther
investigakd concerning model specification and applicaions. Regading model specifcation it
could be interesting to attemptat solving problemsrelated with the high correlation of feed cost
using avalue adddl frontier in placeof a productionfrontier. Further, in theavalable databasdhere
is a lack of someuseful variablesusel in literatureto explaintechnical efficiency like age, work
experience,yearof schooling(Weersirk et al., 1990 Bravo-Ureta and Reinger,1991; Kumbhakar,
GhoshandMcGuckin 1991; BatteseandCodli, 1995 Maietta,1998 O’Neill andMatthews, 2001
KaragiannisandTzouvelelas,2005).

As set out in Reg. CE 1698/2@5 of new Rural Devdopment Progran, competiivenessin
agriculturerepresats a primary objectivefor CAP. In this context the competitivenessobjecive is
subjectto new regulatiors in anmal welfare and envimnmenté compliane asintroducedby Mid
Term Review. The newly-introduced highe standads influence the firm performanceand
consequentlythe efficiency in input use.In addition further regulationsare going to be applied in
Venetoregion concening corservationof waterqudity (e.gfrom Nitrogenpollution) andquantity.
All theseaspeds arein corntrastwith the technical efficiency strategyproposedoy the model and
therecentorientation of beefcattlefarms.If theincreasein herd size andthe marketorientation in
the input purchase resultto be the key straegy to increag TE, they probaby coud increasethe
environmeral impactof production, finding however limitationsin the forthcominglegislation.

Theserestrictims, evenif aceged in the context of an Eurgpean model of agiculture and
demandedby the community, areclearly a disadvantagéor locd farmsin terms of producton cost
especally in acontext of akeenpricecompetition.

Evenif the presat situation in the Vendo Regionresultsto be well managd by farmers,
tharks to the wide diffusion of agreenens for manuredistribution in nearby farmland some
interestng resuts could arisefrom the evduation of relationshig between technical efficiency and
environmernal efficiency to evaluateif more economially compeitive farmsare at the sametime
ableto reacha betterenvironmertal compliarce.
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6 Appendix

Table 10 — Review of technical efficiency explanatory variables applied to livestock farms.

Variables

References

Labour quality

Drives and motivation

-off-farm income

Kumbhakar and Hjalmarsson (1993); Maietta (1998); O’Neill
and Matthews (2001)

Abilities and capacities

- education/schooling years

Weersink e al. (1990); Kumbhakar, Ghosh and McGuckin
(1991); Battese and Coelli (1995); Karagiannis and Tzouvelekas
(2005)

- extension setrvices

Bravo-Ureta and Reinger (1991); Maietta (1998)

Background and experience

- age

Battese and Coelli (1995); Maietta (1998); O’Neill and
Matthews (2001); Karagiannis and Tzouvelekas (2005)

- years of farm management

Weersink ef a/. (1990); Bravo-Ureta and Reinger (1991)

Input specification

Feed per head, land per head

Hallam and Machado (1996)

Concentrate feed per head

Boatto (1987); Ahmad and Bravo-Ureta (1990)

Share feed purchased

Weersink ez al. (1990)

Feed/veterinary costs over gross
production value

Giacomelli (1987)

Labour per head Ahmad and Bravo-Ureta (1996)

Hired labour utilisation Weersink and alt. (1990), Moreira, Bravo-Ureta e a/. (2004)

Output specification

Specialisation Hallam and Machado (1996); Maietta (1998); Moreira, Bravo-
Ureta ef al. (2004)

Milk yield Giacomelli (1987); Weersink ez al. (1990)

Size specification

Herd size Boatto (1987); Weersink ez a/. (1990); Ahmad and Bravo-Ureta

(1996); Karagiannis and Tzouvelekas (2005)

Farm size (area or economic)

Boatto (1987); Bravo-Ureta and Reinger (1991); Kumbhakar,
Ghosh and McGuckin (1991); Hallam and Machado (1996);
O’Neill and Matthews (2001)

Physical environment

Regional Dummies

Weersink e# a/. (1990); Kumbhakar, Ghosh and McGuckin
(1991); Hallam and Machado (1996); O’Neill and Matthews
(2001); Karagiannis and Tzouvelekas (2005)

Institutional environment

Dummy for credits

O’Neill and Matthews (2001)

Dummy for rented farms

Hallam and Machado (1996); Moreira, Bravo-Ureta ez /. (2004)

Source: update of Reinhad (1999 classifcation.
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