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Abstract. Providing a performance measure of any firm isuzial issue, not only for the stakeholders of ih@ fbut also
for policy makers, labor unions, and economist® fiélevant performance measures should considebiketives of the
firm’s owners. The ownership structure of coopeetiis different from that of investors owned firmdich in principle
implies the need of different tools to measurerthetformance. Typically, however, the performaateooperatives and
investor owned firm is mostly compared using theesapproach. In this study, we use Data Envelopiealysis (DEA)
to compare the performance of dairy cooperativesimvestor owned firms in major European dairy miidg countries
using a traditional approach, which views both §/p&firms as cost minimizers, and an alternatiweraach, which
considers the objectives of the cooperatives héraiternatives approach, two hyperbolic modelewesaluated, one of
them consider the firms to expand both output pctido and use of material to address the objectivhe owners of the
cooperatives. The performance of the cooperatiieages across the two approaches form being diarped by IOFs
using the traditional approach to outperforming $&¥en using an approach that is in line with thiective of the
cooperative.

Keywords: DEA, hyperbolic efficiency, cooperativésyestor Owned Firms, Bootstrapping

1. Introduction

Dairy cooperatives in Europe have played an impontale in the dairy processing sector. In majaryda
producing-countries, such as Denmark, the Nethdslamd Ireland, cooperatives process more than@5sbe
total milk production (Van Bekkum, 2001). Howevtre performance of the cooperatives firms (CFs)taed
ability to function efficiently in competitive angdlobal markets in comparison to the Investor OwRéaths
(IOFs) have been long debated in literature (seboB et al., 2009). The debate has intensifiedtdueajor
trends in the past few decades such as globalizatfmnges in related policies, international ti#akralization
and treaties, and changes in consumers’ preferef®asoh et al., 2009). Recently, due to the expecte
abolishment of the quota system in 2015 and theenuffinancial crisis, the debates are intensifedthe
competitive strength of the CFs and IOFs, and Cfes aagued to have more suitable and sustainable
organizational structure than IOFs (Van Campen9200

Cooperatives are not easily defined (Hind, 1999) dm not have a standard ownership structure Kesl
(Chaddad and Cook, 2004 ). However, there is argem®nsensus in the literature that cooperatives a
generally seen as user-controlled, user-owned aadtheneficit firm (Soboh et al., 2009). In theeca$ dairy
CFs, this emphasis on members’ control, ownershipteenefit to members is reflected in the milk papbto
members which includes, in addition to milk priagproportion of the dividends (Zwanenberg et &93). The
members’ role and objective in their cooperatives imajor reason for debating the argument and rexapi
findings that CFs are technically and economicalgfficient when compared to the IOFs. Those wheoadte
CFs model reject this argument and demand a diffeapproach to evaluate the performance of the CFs
empirically. For instance, Van Dijk and Klep (20G5gued that CFs have double-objectives one ofwisid¢o
benefit members while the other is to healthilydiimn in the competitive market. Additionally, theembers’
control on the CFs investment decisions, makesQRe less willing to be involved in risky venturesda
therefore more immune to cope with policy chandggsbph et al., in progress) or economical crisesn(Va
Campen, 2009). It is argued, on one hand, thaCtfreeare more beneficial to farmers and the ruraéld@ment
than profit maximizing I0Fs (Chavez, 2003). On thtber hand, Hind (1999) argued that the control and
ownership of members of the cooperative cause €bBs fess oriented to value added production,défgsent
in input use (especially members’ product) and mfweused on exploiting economies of scale. Hence,
cooperatives are argued to be less technical, acaleost efficient.

Theoretically, both arguments, of those who adt@d¢he cooperative form of firms and those who
criticize it, are defendable but hardly disputedwever, empirically- as far as we know- there iscoocrete
evidence of any of the arguments neither for sumparison in general nor for the European dairy @Fs
comparison to their IOFs counterpart in particeel Soboh et al., 2009).

In this study, using Data Envelopment Analysis (DBE#e first analyze technical, scale and allocative
efficiency of dairy processing firms using the itmshal efficiency techniques. Second we use a Hyplée
approach to dairy cooperatives and IOFs with aiapemphasis on the role of raw materials (i.e.nyamilk
deliveries by the farmers) in two models. The firsidel, measures the hyperbolic technical effigieoficthe
firms assuming they expand output and contract maddeand other inputs simultaneously. The secondeh
measures the hyperbolic technical efficiency offths assuming they expand both output and maseaiad



contract the other inputs. These two hyperbolicsugss provide us with alternative approaches ttuatathe
technical efficiency taking into account the co@tie general objective to serve the interestheir tmembers
as the major (if not the only) suppliers of matisti&ubsequently, we use bootstrapping techniquadidev for
statistical inference.

This paper uses Data Envelopment Analysis (DEAjjrad in (Fare et al., 1994). The DEA was usedrtany
authors to evaluate and to compare the performahceoperatives to I0Fs, such as Doucouliagos aoaeH
(2000 ), Singh, et.al. (2001) and Boyle (2004). ldwer, this study contributes to the literature Hyrassing
the nature of the cooperative which aims to setvariembers, which is done in two ways. First, stisdy
provides the first empirical comparison of the tachl, scale and allocative efficiency of Europekairy CFs
and IOFs. The results of large IOFs and CFs arsepted in more detail. Second, this paper presamts
alternative approach to measuring technical ank sféiciency of cooperatives that explicitly, i@ approach
that is in line with the different objectives of £#ersus IOFs.

The remainder of the paper is presented as foll@ivs.next section presents the DEA models. THislliswed
by a discussion of the data of the dairy procesfinmgs. In section four we present the resultshef DEA
models. The conclusion is provided in the fifthtast

2. DEA Modelsfor Modeling Efficiency of the Firms

The performance of dairy cooperatives in comparigolOFs has been studies by others using DEA.
Doucouliagos and Hone (2000 )used DEA to assesethmical efficiency of Australian dairy processiirms
using data over the period 1969-1996. Their ressiftsw a modest technical progress and indicate some
convergence in productivity levels across regidigey conclude that the Australian dairy sectomisrating at a
high level of technical efficiency. Singh, et.a2001) applied DEA to compare the performance ofdhiey
cooperatives to the private sector in India. Thegotuded that cooperatives are more cost effidieauh IOFs.
Boyle (2004) investigated the economic efficiendyiresh dairy cooperatives over the period 1961-198e
argued that cooperatives are not efficient for reasons: (a) cooperatives suffer from technicaffiziency
because of principal-agent problems and allocatiefficiency due to horizon problems; (b) cooperasi prices
for raw milk are inefficient. Each of the abovediats used the same approach on CFs and IOFs taraeawd
compare their performance.

In this study we use two different approaches @ate the performance of the cooperatives. Tisé fir
is the traditional, is measuring the overall effitty of the firms and decomposes it input orieritaghnical,
scale and allocative efficiency. The traditionapagach views the firms as cost minimizers and igadhe
different nature of CFs and IOFs. The secondhe alternative approach, is measuring technidaieficy of
the firms assuming that firms expand output(s) muatkerials and simultaneously contract other inputis equal
proportions.

2.1 Traditional Efficiency Approach and Models

In this approach we measure the input-orientednieah scale and allocative efficiency. The models
view the CFs and the I0OFs as cost minimizing firmswhich all inputs, including the materials, deing
contracted.

The input-oriented technical efficiency, in whiahputs and materials are contracted while keeping
output at fixed level, is expected to be higher IldoFs than for the CFs. For the IOFs, as ownerssalely
interested in profit, materials- mainly raw milkeaconsidered to be a regular input, while mateffiat the CFs
are more complex and are not viewed as simply patisince the suppliers of raw milk are themseltes
owners. The owners of the CFs, the suppliers of malk, aim to maximize their return by obtaininghah
payment for raw materials while at the same tinles bther firms- want cost minimization for all ethinputs
and production factors. Therefore, the cooperataes expected to have a lower value of the inpigrted
technical efficiency.

The scale efficiency of the CFs is expected todweet than that of the IOFs. The CFs are not totally
free in choosing their scale of operations, by difthey are obliged to process and market all mesib
production. IOFs on the other hand choose the @ptatale to process the quantity of material thaximizes
their profit.

The average allocative efficiency of the CFs isemtpd to be lower than of the I0Fs. CFs are not
assumed to be profit maximizers or cost minimizerstead, they aim to minimize a different objeetfunction
which aims to pay higher milk price than the 10saddition to minimizing all other costs. And sintOFs are
profit maximizers, hence cost minimizers as wdlgyt are expected to have a higher value of theatile
efficiency (equal to one), while CFs, as they aveanst minimizers for their raw material, are ectee to have
lower allocative efficiency than IOFs.

Before representing the linear programming needeai@¢asure the traditional models, to measure the
input-oriented technical efficiency and scale atidcative efficiencies, it is necessary to introdusome



notations. Consider a firm that uses a vectonpiiis ) and a vector of raw materiah) to produce a vector of

output ).
The DEA input-oriented model to measure the tecireficiency for firmsi, i=1,...,N, that produce
one output using three inputs including the ravtemial is calculated form the following non-lingarogram:
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Wheregq, . is the overall technical efficiency scogg[01]) for the i th firm,Y is the(1xN) vector of observed

output,M is the (1xN) of observed use of raw materi¥,is the matrix of observed inputs addis a(Nx1)

vector of intensity variables (firm weights). Thenstraint NI'A =1 (with N1being anNx1 vector of ones)
implies the sum of the lambdas equals one and alfowa variable return to scaléRS technology. Here, the
overall technical efficiency measures the minimuropprtional contraction in observed input§ énd raw
material (n) subject to the constraints imposed by the obskeimveuts and the technology. This is illustrated in
Figure 1 line (1).

To measure the scale efficiency for the two modddeve we modify both models to exclude the

constrainfN1' A =1*. This will produced, .- the input oriented technical efficiency assumiogstant return t

scale- which will be used to measure the scaleieffcy (SE), which equals frs .
%CI’S
The cost efficiency is computed by solving the Ledel (2):
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where M and X, denote material cost and other inputs quantitespectively, of théth firm that minimize the

cost given the input priced)(, ) and raw material pricesN, ). The overall efficiency is defined as the ratfo o

actual to minimum cosBE =C, , where(, is the actual cost defined &/, x, +w,m) andC, is the
Ci
minimum cost which is obtained by solving model (2)
The overall efficiencyOE, of the dairy processing firm is calculated asdwing:

OE, =TE, x SE X AE ©
In which TE, is input oriented technical efficiency assumingiafale return to scalesg is the scale efficiency
and AE; is the allocative efficiency of the firm (i).

1 \We don't write down the models of the constantmeto scale here to avoid repetition.



2.2 Hyperbolic Modelsto incor porate CFs Nature

In this alternative approach we consider two hypkecbmodels. In the first model, we measure the
hyperbolic technical efficiency considering thenfito radially expand output and radially contragtits and
materials simultaneously with equal proportionss th presented in model 4 which is illustratedrigure 1 with
line (4). In the second model, we measure the tgertechnical efficiency considering an aspectref CFs
which aim, not only to expand the total turnoveut lalso materials, while contracting all other itgpu
simultaneously with equal proportions (see model ) the first model (model 4), we view each fitof both
types) as an IOF, while in the second model (m&j§ielve view each firm (of both types) as a coopeeat

Our expectation is that, on average, the CFs satire lower with the first hyperbolic technical
efficiency model rather than with the second onlisTis due to the nature of the CFs which is assutoe
maximize the revenue of the milk delivered by itembers (raw milk which makes up the major part of
materials).
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The technical efficiency in which inputs)(are contracted and both outpyt &nd raw materialnf) are
simultaneously expanded is measured in model Sllastrated in Figurel with line (5). The techniedficiency
is expected to be higher for cooperatives.
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Figure 1 illustrates the three models (the tradalocand the two alternative ones). For simplifimat
we use two dimensions: outpyf) @nd materialsnf). Line (1), in Figure 1, illustrates the traditarsituation
where material is contracted while output is hékgd. Lines (4) and (5) illustrate the two hypeibahodels,
where line (4), in Figure 1, presents the situatidrere materials is contracted while output is exjeal, while
line (5), in Figurel, presents the situation whaerial and output are expanded. Given the asswinjedtive
of CFs to pay a high price for inputs deliveredtiyir members (materials), the cooperatives areargd to be
located further to the right corner, while IOFs arxpected to be located left upper corner in Figure

Figure 1: The Direction of the different Models.
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2.3 Bootstrap Method

The bootstrap method is an established statistesdmpling method used to perform inference in derp
problems. If the data generating process (DGP)aderises the true data generation well and is ohieal in the
resampling simulation, then the bootstrap methodvédl-performed in validating statistical inferenceéhe
bootstrap is mainly to approximate the samplingriigtion of the estimator (in this study: inputented,
hyperbolic and scale efficiencies). To approxinthte sampling distribution we use the empiricatrifigition of
the resampled estimate, which is obtained from Munte Carlo resampling distribution of the estiroati
procedure (in this case the DEA). Repeated re-szsrale obtained from an estimate of the DGP ar insthe
estimation procedure to produce repeated estinflatdélsgren and Tambour, 1999).

In this study, we use the bootstrapping method esiggl by Simar and Wilson (2007) to avoid sample
biases of the technical and hyperbolic efficienoyasures, and we use the bootstrapping approacotimien
and Tambour (1999) to correct for data biases wmeasuring scale efficiencies. We udall percentile
intervalsbased on differences to construct 95% confidentarval for input-oriented and hyperbolic technical
efficiency and scale efficiency.

3. Data

Data on dairy processing firms in six European t¢oes (Belgium, Denmark, France, Germany, Ireland
and the Netherlands) covering the year 2004 conra AMADEUS’. The data set used for estimation consists
of 133 firms among which 90 are I0OFs and 43 are. CFs

The model distinguishes one output (total turnowam) three inputs (fixed assets, material cost, and
employment cost). The outputs and inputs are egptes Euros of 1996 (base year) by deflating toaetary
values with their Tornqvist price indexes (Coetlaé, 2005).

The dairy plants in these countries are typicallgdpoicing more than one product. However, the only
relevant output available in the data set is tatehover. Total turnover represents the total ojrggarevenue
from selling all products produced by the procegsiompany. Turnover (output) is deflated usingdbentries
harmonized index of consumer prices for milk, cleessd egg.

Fixed asset is measured as the value of physigd| lauildings, machinery, and the non-physicaldixe
assets: such as the goodwill, patents, brandsiremklet shares. The value was deflated using theageesalue

2 AMADEUS is a European financial data base prepayeBureau van Dijk and contains more than 5 millwivate, cooperative and
public companies. The data-base is collected frgmonts produced by the chamber of commerce ofiffereht European countries.
AMADEUS unified the figures of the financial statents of the different countries.



of the prices index of the agricultural gross fixealpital formation and the price index of the agjtieral
machinery and equipment per country.

The AMADEUS data base includes material cost, ctiftig the cost of purchasing the input materials
before the processing operation starts. This impainly consists of raw milk purchased by the dgignt. We
used the deflated EC-index of producer prices efcibws’ milk per country as the deflator for thetenel cost.
Labor cost is deflated using the nominal value he tabor cost index in total industries (excludimgplic
administration).

The price indexes vary over the years and the réifitecountries but not over the firms or over thgpe,
implying differences in the composition of inputsdaoutput or quality differences are reflectedhia guantity
(Cox and Wohlgenant, 1986). Additionally, the quéed also reflect differences in prices of the gurction
factors between the two types of firms; a higherrtilk payment implies a higher quantity of matsria

Table 1 provides the means and standard deviatibtisnover, fixed assets, raw material, labor prides.
It shows that CFs have, on average, a higher agesalge of the output and the three inputs tharslOF

Tablel: Description of the Data.

Variable Dimension Mean (n) Standard deviation

Type IOFs (90) CFs (43) IOFs CFs
Quantities

Output (turnover) fEuros 14.37 49.04 47.21 110.39

Fixed assets f®uros 2.40 9.67 5.80 27.36

Materials 10Euros 9.64 34.64 4.97 94.92

Labor 16 Euros 0.28 1.05 0.66 1,52
Prices
Output (turnover) 1996=100 91.83

Fixed assets 1996=100 87.54 --

Materials 1996=100 128.59 --

Labor 1996=100 113.14 -
4. Results

The results of the DEA models and the bootstrappiegsures all were obtained using the package FEAR
(Wilson, 2008). Section 4.1 presents the resulth@traditional approach and Section 4.2 pregbetsilterative

approach of the two hyperbolic models

4.1 The Results of the Traditional approach

Results in Table 2 show that IOFs, on averagepame technically, scale and allocative efficierdarth
CFs, hence, more overall efficient. The CFs ardinmally less efficient when compared to 10Fs, Gifre
slightly less scale efficient than 10Fs, and CFes lass allocatively efficient than 10Fs. Using tineditional
approach, in which firms are considered to minimgret (and contract the quantity of materials), @Fesout-
performed by I0Fs in their technical, scale andcative efficiencies. Treating the material as gut, which
has to be minimized, provides us with an expeateget performance of the CFs. On average, the iopehted
technical efficiency of the I0Fs is more than 5@ceat higher than the one of the CFs. The resdltthe
technical efficiency also reflect differences im fexample prices paid for raw materials between &#a the
IOFs, where CFs is expected to pay higher totaleprOn average, the scale efficiency of the 10Bgquthe
traditional approach, is 10 percent higher thanahe of the CFs. This difference in scale efficiesaggests
that CFs are operating on a less optimal size @&s. This finding may be due to the fact that @Fes more
restricted in choosing their optimal size due teitlobligation to process all what members prova¢he CFs.
On average, the allocative efficiency of the IO&20 percent higher than the one of the CFs. Tiffereince of
the allocative efficiency suggests that the CFslese successful in minimizing costs than IOFsa@simed to
be more of profit oriented firms). The latter find suggests that CFs may have another objectirenrahan
minimizing costs, CFs may be more interested irirgag high milk price to their farmers.

These results do confirm the hypothetical expemtatiof the CFs performance when compared to the
IOFs. The difference of the technical and scaliieficies between the CFs and IOFs are statistisajhificant



as their confidence intervals do not overlap. Tfoess the overall performance of the CFs usingtthditional
model is lower than the I0Fs over all efficiency.

Table 2: Overall efficiency and its decomposition for CFs and IOFs (95% confidence interval in
par entheses)

Technical efficiency Scale efficiency Allocative Overall efficiency
efficiency
CFs 0.428 (0.29-0.54) 0.769 (0.71-0.77) 0.416 0.137
IOFs 0.642 (0.52-0.71) 0.849 (0.79-0.85) 0.58 0.317

4.2 Theresults of the alter native approach

Table 3 presents the results of the two hyperbefficiency models (model 4 and model 5). Model 4
expands outputs and contracts materials alongatfiter inputs, whereas model 5 expands outputs aterials
and contracts the use of other inputs.

Results of model 4 in Table 3 show that CFs scomeaverage, 1.659 in the first hyperbolic model
(model 4) which says that CFs can increase theiputuwith 65.9 percent contract their inputs (irdthg

materials) by (1- )*100 = )39.7 percent. The IOFs, on the other haodyed on average 1.430 in the

1.65¢
first hyperbolic model (model 4), which says thHa¢ 1OFs can expand their output with 43 percent@mdract
their inputs with 30.1 percent.
CFs score slightly higher in the second hyperbolaxiel (model 5) than the first hyperbolic modelhwit
1.638, which says that CFs can on average expapditoand materials by 63,8 percent and decreasestef

inputs (excluding materials) by({ — )*100 =) 39.0 percent efficient in contracting thigiput (excluding

1.63¢

materials). The IOFs score worse in the secondrbygtie model (model 5) rather than in the first byipolic
model with 1,647, which implies a potential for exgion of outputs and materials by 64,7 percerit el a
39.3 percent contraction of inputs (excluding miatsy. When moving from model 4 to model 5, thelsca
efficiency has also improved for the CFs (from 1t811.10) while it has worsened marginally for ti@Fs
(from 1.09 to 1.10).

The results of the bootstrapping show that alledéhces in technical and scale between CFs and the
IOFs are not significant at the critical 5% lewelmodel 4 and model 5. In the first hyperbolic mqdeodel 4),
the hyperbolic technical and scale efficiencieghaf cooperative (1.659) and (1,21) lie within ttenfidence
interval of the hyperbolic technical and scalecfncies of the IOFs [1,14-1,74] and [0,89- 1,9@Epectively.
The situation is similar for the hyperbolic tectaliand scale efficiencies of the I0Fs (1,430) an@941) which
are also located within the CFs confidence intefeaboth measures [1,21-1,92] and [0,88-1,47]peesively.
The bootstrapping results of the second hyperbotidel (model 5) are similar to the results of tingt imodel in
terms of location within the confidence intervalfie hyperbolic technical and scale efficiencie£bt (1.638)
and (1,10) lie within the confidence interval oéthyperbolic technical and scale efficiencies ef @Fs [1,03-
1,97] and [0,73- 1,43], respectively. The situati®similar for the hyperbolic technical and sceticiencies of
the IOFs (1,647) and (1,10) which are also locat#tin the CFs confidence interval for both measyfe09-
2,61] and [0,73-1,43], respectively.

Table 3: Hyperbolic Technical and Scale Efficiencies for CFs and 10Fs (95% confidence interval in
par entheses)

Model (4): Contract Materials Model (5): Expand iadls

Technical Efficiency Scale Efficiency Technical Efficiency Scale Efficiency
CFs 1.659 (1,21-1,92) 1,21 (0.88-1,47) 1.638 (R(L) 1,10 (0,73-1,43)
IOFs  1.430 (1,14-1,74) 1,091 (0,89-1,43) 1.647341,07) 1,10 (0.89-1,48)

Although the difference of the measure betweentiree is not significant at the critical 5% level, i
shows that the performance of the CFs improved Ipgr@ent while the I0Fs performance is worsened by
percent when moving from a model that contractsenals to a model that expands materials. Thisgaaf
the performances between the two models, suggasCiis are more oriented to increasing materiaso@sg.
through a higher price), whereas I0OFs are more sieduon decreasing material costs. Additionallyg th
difference of the scale efficiency between the @Rd the IOFs reduced to zero in the second modathw



implies that CFs are more scale efficient when malteand output are expanded rather than wherCte
expand only the output while contracting materzaid other inputs.

4.3 The performance of the largest CFsand |OFs

In Appendix A, we present the results of the tergdat CFs and IOFs in terms of turnover. Arla and
Friesland are the only two CFs which are technjcalfficient using the traditional and both alteimat
approaches. Campina and Glanbia are only techyieéficient using model 1, while Nordmilch is tedtally
efficient in both hyperbolic models (model 4 and 5)

Results in Appendix A show that scale efficiencytloé largest CFs is rather poor in both model 1 and
model 4, and improved significantly using modelNmrdmilch and Arla are the only two CFs that aralesc
efficient in the second hyperbolic model (modelt3wever, Friesland and Campina are the least sthdéent
using the traditional mdoel and the first hyperbatiodel (model 4). The average improvement of ttedes
efficiency from model 4 to model 5 is 19 percenttiee ten largest cooperatives and only three péffoe the
ten largest IOFs.

The allocative efficiency of the CFs is generalgry low, which suggests that the objective of ¢éafifs
differs from the objective of large IOFs. Among ttem largest IOFs, there are five IOFs technicaffjcient
using model 1. The number of technically efficié@Fs drops dramatically (to only two IOFs) when swad
using model 5; this drop in the number of efficié@Fs in model 5 is in line with the finding in $iem 3.2
which showed that IOFs perform worse in model feathan model 1 and 4. More details can be viefnead
the Appendix.

5. Conclusions

The raison d’etre of cooperatives differs from ¢ime of IOFs. Therefore in order to evaluate thiiefficy
of the cooperatives, a different approach shoulccdresidered, i.e. an approach that takes into atcthe
different objectives of the owners of the coopemtiComparing the performance of CFs to the orntbe1OFs
using the same model imposes the same behavicaehatlristic on either type of firm. CFs, as usened,
user-controlled and user beneficiary firms are mmgricted to members’ interest in processingrtoin
production and receiving the highest overall payirien their product which serves as the materiathe
cooperative. Therefore, materials have a differel® for CFs rather than for IOFs. The role of maten CFs
influences the choice of the input bundle by thepsrative firm to produce output, it restricts timice of the
optimal size, and implies a deviation from costimizing behavior.

Our empirical findings show that, on average, tHes @Qinder-perform the IOFs in their input-oriented

technical, scale, allocative efficiencies. Howewvitre performance of the CFs in comparison to tB€sl
improved when considering the model that expands ube of materials and output. Additionally, the
differences in the scale efficiencies between Qs I®Fs disappear. The improvement of technicatieficy
and the disappearance of the difference in scéitdesfcy suggest that materials have differentgoteCFs and
IOFs due to different objectives of the two firnpés.
To provide a relevant comparison of the performanfcine CFs with the IOFs’ analysts should incogterthe
interest of the owners of the firm. The overall dosion is that CFs and I0Fs need different toolsvaluate
their performances, comparing the performance ®fGks to IOFs is not suitable if the same apprascised
assuming same objectives to the two types of firms.
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Appendix A: The Results of the 10 L argest CFsand IOFs

Traditional M odels 1-3

HyperbolicModel 4 Hyperbolic Moddl 5

Name TE SE AE TE SE TE SE
Coop

1.00 0.68 0.12 1.00 1.21 1.00 1.00
ARLA FOODS AMBA
KONINKLIJKE 1.00 0.39 0.14 1.00 1.60 1.00 1.06
FRIESLAND FOODS
N.v.2
ZUIVELCOOPERATIE 1.00 0.40 0.18 1.07 1.60 1.06 111
CAMPINA U.A.
NORDMILCH EG 0.87 0.51 0.12 1.00 1.41 1.00 1.00
GLANBIA PUBLIC 1.00 0.61 0.55 1.55 1.33 1.59 1.18
LIMITED COMPANY
CANDIA (CEDILAC) 0.44 0.45 0.75 1.48 1.53 2.04 1.20
BELGOMILK 0.31 0.65 0.64 1.73 1.30 1.87 1.16
3A SA 0.58 0.55 0.62 1.27 1.39 1.49 1.17
SODIAAL 0.44 0.70 0.48 1.49 1.22 1.50 1.12
INTERNATIONAL
DRENTS 0.24 0.68 0.51 1.91 1.29 1.88 1.13
OVERIJSSELSE
COOPERATIE KAAS
BA.

IOF

COGESAL MIKO 1.00 0.64 0.54 1.00 1.25 1.00 1.24
DANONE SA 0.39 0.27 0.74 1.00 1.93 1.59 1.33
SAS ENTREMONT 1.00 0.46 0.49 1.00 1.47 1.25 141
ALLIANCE
NESTLE PRODUITS 1.00 0.69 0.61 1.00 1.21 1.00 1.31
LAITIERS FRAIS
S,A, CORMAN 0.84 0.51 0.30 1.08 1.42 1.99 131
GOLDSTEIG 0.74 0.69 0.24 1.13 1.23 1.21 1.36
KASEREIEN
BAYERNWALD
GMBH
SA INGREDIA 1.00 0.55 0.60 1.00 1.36 1.75 1.22
GLACES THIRIET 0.66 0.73 0.54 1.21 1.20 1.20 1.26
SAS LAITERIE DU 0.71 0.64 0.63 1.14 1.30 1.47 1.22
VAL D'ANCENIS
MOLKEREI - 1.00 0.81 0.77 1.00 111 1.02 1.17

LAITERIE WALHORN

31t is owned 100 percent by the cooperative Frigsla
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