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ABSTRACT

Port facilities have indivisibilities and a longrgee life, which classifies them as
quasifixed inputs, meaning that they cannot be idiately adjusted and that contribute
to the production of port services over long pesiad time. Properly handling these
types of inputs requires a dynamic approach th&h@weledges the intertemporal
relationship between the inputs used and the reguutputs. In this paper, we employ
a dynamic non-parametric Data Envelopment Analyséthodology to calculate the
intertemporal cost frontier for the services pr@ddy Spanish port facilities from 2000
to 2007. Based on this frontier we estimate theravesfficiency for the 27 port
authorities in Spain, as well as their technicdlocative and dynamic efficiency
components. We also identify the returns to scaldeuwhich each port operates. The
results reveal a global inefficiency which is expéd mainly by the dynamic
inefficiency and, to a lesser extent, by the im&ft use of labor and of the
intermediate inputs. Finally, by comparing the teswith those obtained from a static
DEA model, we show that if the quasifixed conditmfithe infrastructure is ignored, all
of the global inefficiency components are overeatad. The type of the returns to scale

assumed to apply can also be distorted.
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1. Introduction

The existence of an efficient transport system eguired in order to promote
international commerce and enhance economic dewelop particularly in a context of
high globalization like today’s. There are vari@igdies that highlight the importance
of a transport system that is capable of transpgrtargo while minimizing time and
cost. Limao and Venables (2001) estimate that diogbtransport costs reduces
international trade by 45%. As regards maritimegport, Marquez Ramos et al (2007)
estimate that a 10% reduction in freight would #ase Spanish exports by 6.1%. These
figures underscore the strategic and economic itapoe of maritime transport and, by
extension, that of ports to external competitiod anonomic development. This is more
obvious in the case of Spain when we consider rieatly 70% of its foreign trade,

measured in tons, moves through ports.

The main function of a port is to serve as a tmngoint between maritime and
terrestrial modes of transport, this despite thewgrg trend observed in port
environments to provide a wide variety of logistisarvices that add value and which
has resulted in port activities growing in complgxirhus, in a port there are numerous
agents providing a wide variety of services to shigargo and personsAs noted by
Cullinane and Song (2002), there is a broad rarfgadministrative systems and
management and operational styles that differ mprag other traits, the ownership
regime and in the assignation of responsibility thoe decisions involving the use of

port resources.

Port services can be summarized as being of twestyphose provided by the
infrastructure and those required for loading ankbading cargo and handling it on the
ground. As noted by Cullinane, Song, Ji and War@i42, “it is possible that a port
may provide sound service to vessel operators enotie hand and unsatisfactory
service to cargo or inland transport operators lma ather”. This requires a clear
definition of the agent being analyzed and of tbe pctivity being performed, which
may not be the same in the various existing patesys. If the services provided by the
various agents were analyzed as a whole, it woatda possible to isolate the source
of any potential inefficiencies, which would resutt incorrect policy or business

2 Bichou and Gray (2005) offer a critical review the conventional terminology used to classify the
ample variety of existing ports, describing thenffigant differences between ports in terms of atpe
such as assets, roles, functions, institutionaduoiation structures and ownership models.



management decisions. In this sense, this papeiséscon analyzing the productive
efficiency of Spanish Port Authorities, which aesponsible for managing and planning

construction and for overseeing the use of poitities.

An infrastructure has a series of characteristias must be considered in any economic
analysis in which the use of its facilities is kelat, as is the case with the transport
sector. Specifically, both the long constructiomiqes, on the order of four years, and
the indivisibilities, adjustment costs and the losgrvice life inherent to any

infrastructure mean that an exact and timely adjest that constantly reflects

production needs is impossible to perform. The gmmes of so-called quasifixed inputs
at a port means that any efficiency analysis regudr suitable handling of said inputs so
as to avoid distortions in both the measurememh®ffficiency as well as in aspects of
importance to the analysis of the production stmetsuch as, for example, the type of

returns to scale.

The primary objective of this paper is to measheedfficiency in the use and provision
of infrastructure services in Spanish ports. Kegpgm mind the nature of the inputs
involved, we opted to estimate an intertemporalntie¥y using a dynamic Data
Envelopment Analysis (DEA) approach. The secondeabje is to illustrate the
distortions that result when a port infrastructigenot regarded as a quasifixed input.
We do this by conducting two exercises. In thd,finge calculate the overall efficiency
index and isolate its technical, allocative and afgit components. In the second, we
calculate and decompose the cost efficiency basea siatic model that assumes all of
the inputs are variable in the long term. A comguai of the results will illustrate the
distortion introduced by not considering the preseof quasifixed inputs. We will then
identify the returns to scale obtained for eacht fimm both the dynamic and static
models so as to illustrate how this characterisaa also be affected by ignoring
guasifixed inputs. Both exercises rely on a databdas Spain’s 27 port authorities for
the period from 2000 to 2007. The rest of the papetructured as follows: Section 2
presents the dynamic model used, along with theaaional static version. Section 3
presents the data and in Section 4, the dynamicstatct models are applied to the
Spanish port system. Finally, in Section 5 we predliee most significant conclusions

drawn from our work.



2. Methodology

The literature specializing in efficiency analyles developed a set of methods to yield
the technological frontier as a representationpifneal decisions by producers. Based
on this frontier, the behavior of agents is evadaby measuring the distance between
the observed values and those that comprise tleeerefe frontier. Most studies on
efficiency, however, have adopted a static apprabhahimplicitly assumes that while
technology can change over time, the technology @iven period is independent from
that of all other periods. Static models study ¢jegnin time by comparing the results
yielded by the frontiers calculated for each tineeiqd studied, without considering the

interconnection between the technology of one peaiad another.

This static approach to production activity medrat the outputs obtained for a period
are the sole result of the inputs used for thatesperiod. The implicit assumption is

that any adjustment, including infinitesimal vaigats, can be made to the period at any
desired level for all of the inputs as a functidrtiee outputs that are obtained. There
are, however, productive sectors where technolagg ot allow for such adjustments;

rather, the decisions made regarding the levelgeofain inputs can only assume

discrete values, with decisions spanning over sgévieme periods. In these cases,
between which the use of a port infrastructure, libe production obtained in a given

period depends on the inputs used for that periatl @ the levels of other inputs

decided in previous periods. This situation requoensidering a model with a dynamic

approach that acknowledges the existence of antentporal relationship between the

inputs used and the resulting outputs.

Emrouznejad and Thanassoulis (2005) describe tHewiog causes for this
intertemporal relationship: i) the existence ot@ck of capital whose useful service life
and the effects of the investment extend over s¢yariods; ii) the presence of lagged
outputs which, in addition to the contemporanedtects of the inputs, depend on the
inputs used in previous periods; and iii) the paiaun of intermediate outputs, that is,
production obtained in a given period that is uaedn input in a future period. In the
case of transport economics, and of port activity particular, several of these
conditions coexist, thus warranting the use of aadtyic model. The efficiency, then,
with which the cargo and passengers that trangugh a port are transferred depends
on, among other things, the amount of capital atéel, whose durability results in its

contribution extending well beyond the time periodwhich it is put into use. The



increase in the infrastructure in a period canrbatéd as an intermediate output that

will be used as an input in subsequent periods.

Some of the research into efficiency using the parametric Data Envelopment
Analysis (DEA) technique has involved the developtad models that incorporate this
dynamic vision of production activity in order torwider this interrelationship between
the technology used in different periods. Alongsthiew line of research, Sengupta
(1995) present a dynamic DEA model that uses linagramming techniques to

measure the shadow values of the quasifixed irgmudstheir optimal pattern of change.
Fare and Grosskopf (1996) propose a series of madat incorporate several types of
time interdependencies among the underlying tedgmes of various periods. In

particular, they introduce the idea of a technalaginetwork that acknowledges the
temporal link, thus avoiding having to measure gesnn productivity by comparing a

series of static models, as was the case with n@sesonducted to calculate the
Malmquist productivity indices. These new dynamiodels connect each period’s
technology by using storable inputs and intermedattputs that continue to contribute
to future production, thus doing away with the sapan in time that characterizes
static DEA models. Moreover, Fare and Grosskop®6)@eveloped this dynamic view

into models that describe production technologytioa basis of both the distance

function and of a cost function that incorporatesrdertemporal budget constraint.

In keeping with this dynamic vision of productiontigity, Nemoto and Goto (1999,
2003) propose a procedure based on the use ofyimemic DEA methodology to
measure and decompose the cost efficiency of ptmofuactivities in which quasifixed
inputs are used. Their proposal considers the adaillevels of these inputs at the end
of a period as another output of said period, bhicky they then use as inputs for the
next period. This way, they account for the facitti, based on an initial quantity of
inputs, a productive agent decides to increaseavadable levels of quasifixed inputs,
that agent would be opting to reduce the curreodyction of the remaining outputs so
as to increase future production. Faced with thissppility for an intertemporal
substitution, the procedure proposed by Nemoto @Gotb evaluates the production
performance of agents that aim to minimize theadisted sum of costs over time.

Emrouznejad and Thanassoulis (2005) define a sdymdmic production possibilities
that evaluates the behavior of a DMU not at a $egoeriod, but along a time window

comprising several time periods. This dynamic peaaonsiders the level of capital



stock in a period of time as an input that contelsuo production in future periods, and
considers the level of capital stock present dutimg last period analyzed within the
time window as yet another output to be used beybadime window. In addition to
measuring efficiency, the DEA technique has alssnhesed to measure the change over
time of productivity and to identify its technicahange and efficiency components.
Along this line, Ouellette and Vierstraete (2004)pose that the presence of quasifixed
inputs requires that these be properly treateddftechnical change and efficiency are
to be correctly measured, thus avoiding overesiimgahe capacity of the production
agents to adjust, which would skew the results.llétie and Vierstraete (2010) later
entered these quasifixed inputs into Malmquist dadj which allowed them to
decompose the changes in productivity and thugifgiehe contribution of the changes
in pure technical efficiency and in scale efficignas well as the technical change. The
Malmquist productivity index and its components dssed on two periods of time
which can capture only a part of the impact of staeent in long-lived assets. The
effects of lags in the investment process on thptalastock have been ignored in the
current Malmquist index model. Emrouznejad and ®ssanulis (2010) extend the

recent dynamic DEA model for the dynamic Malmqunsiex.

Another aspect that is closely related to quadgifixgouts and which has been addressed
by the dynamic DEA technique is the presence afsidjent costs, meaning those costs
incurred by a firm when it adjusts the amount ofrgyut. Along these lines, De Mateo
et al (2006) incorporate the presence of thesesastantein a context featuring
investment budget constraints. They then calculeepath that the firm should take in
order to reach the optimal point. Additionally, yheutline some extensions to their
basic model to allow for considering asymmetricuatinent costs, non-static output
guantities, non-static input prices, non-staticcsa@g adjustment, technological change,
quasifixed inputs and investment budget constraBysalso considering the presence
of adjustment costs, Ouellette and Yam (2008) pgepa dynamic DEA model that
takes into account the intertemporal restrictiogswinich a producer is bound when

deciding on investment.

As regards the analysis of port activity, Woo et(2011) offer a structured review of
the literature on methodological issues pertainingesearch on ports. Their paper
presents an exhaustive review of the literatureligiued on ports in the last three

decades, classifying it on the basis of the resestrategy adopted, the disciplines the



papers are based on or related to, the theoretiodEls on which papers are based, the
research methods used and the type of data antdghisiques used. In the specific case
of analyzing port efficiency, much of the literaduhas used both parametric and the
DEA technique. Cullinane, Wang, Song and Ji (208&)ly both techniques to study
the technical efficiency of a sampling of the latgeontainer ports in the world. They
conclude that the results are relatively robusthe methodology employed. Focusing
our interest on that research that has relied emtmn-parametric technique, we note the
surveys conducted by Panayides et al. (2009) arlth@ane and Wang (2007) for the
specific case of container ports. In the first céise authors present a critical analysis of
DEA applications to seaport economic efficiency sugament and note the problems
and limitations of applying this technique in a tpaontext. These limitations
specifically involve the model specification, thefidition of variables, the implications

derived from the number of inputs, outputs and DMl the type of data utilized.

One of the methods for organizing the extensivewrhof literature that uses the DEA
methodology is to arrange the studies by the tyfpéata used, which conditions the
model employed in each case. The use of crosmsattdata only allows comparing
one DMU with the remaining agents that comprisedatbase, while the use of panel
data also allows for an analysis of the changame bf a DMU, which could help avoid
possible biases derived from the use of crosses@itdata. Cullinane and Wang (2007)
review various options offered by the DEA methodgidor handling the information
contained in panel data, distinguishing among fapproaches based on whether the
calculated frontier is contemporaneous, interte@paequential or the DEA version
known as window analysis. Cullinane and Wang (20@0ly the contemporaneous,
intertemporal and window approaches to a samplinth® world’s leading container
ports and show how the highest measure of effigier& obtained with the

contemporaneous model, while the lowest is yielofethe intertemporal frontier.

A common trait of these different DEA models isttlizey all adopt a static vision of
technology, and therefore do not incorporate thstemce of an interconnection among
the technologies in each of the reference perintiswhich the panel data are divided.
This paper, then, is, to the best of our knowledge first application of dynamic DEA
to ports. A producer’s goal in using an intertengbaost frontier is to minimize the
discounted sum of the costs for the group of peremialyzed. This way, the production

effects of the quasifixed input are accounted for anly in the periods in which the



input is first used, but also in subsequent peridaisng which said input remains in

use.

Next, we calculate the dynamic DEA model that wallow us to calculate the
intertemporal cost frontier to represent technololdye mathematical description of the
production possibility set and the different lingamoblems are taken from Nemoto and
Goto (2003), to which we incorporate the decompmsiof the technical efficiency into
the pure technical and scale efficiencies. To ds, thnd after defining the set of
production possibilities in the presence of quasdi inputs, we present the various
linear programming problems intended to minimizestso This will allow us to
calculate the various costs necessary to measarevidrall efficiency for each DMU
analyzed, as well as to decompose it into its teahnallocative and dynamic

components.
Let x be the vectot x1 of the amounts of the variable inputs used inoget; k; the

vectorm x 1 of the amounts of quasifixed inputs at the engefodt, andy; an nx1
vector of the output levels produced in period@hen, in a periot, a company uses the
vector in variable inputs along with the vector of quasifixed inputs it hetdhe end of
the previous periods.1, to produce a vector of outputghat it offers the market and a
guasifixed inpuk; at the end of periot] that will be used as an input in the next period.
Every combination of outputgk,,y,) 00" is obtained from the combinations of
variable and quasifixed inputéx,,k,_,) J0™, which comprise the so-called set of
production possibilities for periag that it:

o®, :{(xt Kk, y)OOY™ xO™"|(x,,k,_,)allows production of (k,, Y, )}

Assuming that both the prices of the inputs andekiels of the outputs are exogenous,
the intertemporal cost frontier is given by:

_ T _
C(ko) = min <X ! (Wg %, +07Ke_g ) (%Ki s Ky s Yt)tT=1 U ><tT=1th Ko =Ko (1)
{Xtvkt};r:l t=1

wherey is a temporal discount factor, amgandv; are the x 1 andm x 1 price vectors

of the variable and quasifixed inputs for perigdrespectively. The bar over the

variables indicates exogenous observed valuesevdbilrepresents the initial value of

the quasifixed inputs.



The non-parametric DEA technique will be used fog empirical calculation of the
intertemporal cost frontier, which will yield a daenvelope that bounds the set of

production possibilitiesp, . With this goal, we will solve, for each of theDMUs, the

following linear programming problem, which willgld an estimate fo€(ko) :

o _ T
C(ko)= min_ ¥ y'(w;x, +uK._,)
{Xt Kt At };r:]_ t=1

st. XA £ X, t=12,..,T
Ki-1Ar € K, t=12,.,T
KA, 2K, t=12,...,T-1 2)
YA 2 Y, t=12,..T
i'A, =1, t=12,.,T

Ko = ko, X, 20,k 20,4, 20,t =12,..,T

where X; = (Xq, X%2,-.- Xy )and K,_; = (K31, Ki12.---.Ki.qny ) @re, respectively, the vector
of the amounts of variable and quasifixed inputailable at the start of periadand

used in this period to produce a vector of outpMis= (Y, Yis,-.-.Yiy) and of
quasifixed inputsK, = (k. ki,,....Ky Bt the end of periotthat will be used as inputs
in the following period. Vectod, =(A,;,4,,,--Ay Jepresents the weight factors used to
identify the reference DMU, while the restrictiand, =1limposes the assumption of

variable returns to scale, wheris a vector of N x 1 ones.

Once this optimal cost level is calculated, theralefficiency is calculated as the ratio

between the value for the efficient cog(ko)] and the discounted sum of the cost

observed over the period ranging from 1 to T, ngm@) , that is,

OE=C(k,)/C 3)

This measure of overall efficiency is a per unterthat represents the discounted sum
of the observed costs that the DMU being analyhedlsl have incurred if it had acted
efficiently, but over the total duration of the et studied. A value for this index below
unity represents a situation in which the accunedlanefficiency over the period is

equal to 1-OE.



Next, this measure of overall efficiency is decosgm into three efficiency types:
technical static (TE), allocative static (AE) angndmic (DE). The first two

components are defined as static because they raédeence to the inefficient use of
the variable inputs and accept the observed vétudhle levels of the quasifixed inputs.
The dynamic efficiency component measures the impaccosts of not using the
quasifixed factors optimally, indicating the pogiiyp of cutting costs by reducing the

use of the quasifixed inputs.

In order to calculate these three components ofativefficiency, we first evaluate the
static efficiency (SE) as the product of the techhiand static allocative efficiency
indices, that isSE=TEx AE. The dynamic efficiency is calculated as that pdrthe

overall efficiency that does not depend on theicstefficiency. The static efficiency

(SE) index is calculated as the ratio between thenmum static cost of the quasifixed

inputs (Cse ) and the observed cof), that is:

SE=C./C 4)

The minimum static cost represents the expenskeifmiinimum amount of variable
inputs is used (technical efficiency) in the optinpmoportion given their prices
(allocative efficiency) for the observed levels tbke quasifixed inputs. This cost is
estimated by solving the following linear programmproblem for each DMU:

o T _
Cee = Min D"y (wx, +u; Ket)

{x A} t=1

st. XA £ X, t=12,.,T
K. A, < ki, t=12,...,T
KA =Kk, t=12,..T-1 (5)
YA 2y, t=12,..T
i =1, t=12,..,T
20, A, 20 t=12..T

Once OE and SE are obtained, DE is calculate bsiysl
DE = OE/SE (6)

In order to decompose the static efficiency insotéchnical and allocative components,
we have to calculate the cost if the DMU reducesutiiization of all the variable inputs

10



radially, even if they are not used in a way tlsatllocatively efficient, that is{. This

cost is estimated by solving the following lineaogramming problem:

T - -
Cie = min >y (aw; X, + U; ki)

1

—_
B
>~
—
T" —
s
—~
Il

st. XA, €@ x, t=12,..,T
K, A, < K, t=12,..,T
KA, = ki, t=12,.,T-1 (7)
YA 2y, t=12,..T
i'A, =1, t=12,.T
x, 20, 1,20, t=12..,T

where ¢ is the radial measure of static technical efficignnterpreted as the minimum

per unit rate at which the variable inputs mustubed in order to be employed in a

O
technically efficient manner. Based on this estenédr C,, the static technical

efficiency index is calculated as follows:

TE=C,./C (8)

The impact on costs resulting from the use of a-oyimal proportion of variable
inputs, given their prices, is measured using ttagics allocative efficiency index
proposed by Farell (1957):

AE=SE/TE (9)

Lastly, we note that the overall efficiency indexthe product of the static technical

efficiency, static allocative efficiency and dynareifficiency indices, that is:
OE =TEx AEx DE (10)

In order to gain a deeper understanding of thecsooff technical inefficiency, the
specialized literature has distinguished betweae pechnical efficiencyRTE), which

is the component related to the improper use oftélebnology available, and scale
efficiency GSCB, which accounts for the use of a non-optimal escsize, with
TE=PTEXSCE.

First, as shown in Cooper, Seiford and Tone (208€)le efficiency is calculated as the

ratio of the technical efficiency obtained using thodel under constant returns to scale

11



(@rs) proposed by Charnes et al (1978), and the pufenieal efficiency calculated
under the variable returns to scaleg.() proposed by Banker et al (1984), that is:
SCE=¢s/ @rs- If SCE=1, there is scale efficiency and the producerpsrating at
the optimal scale; while BCEK1, there is scale inefficiency and the type ofimes$ to
scale which is resulting in the inefficiency has lie calculated. To do this, and
following the procedure proposed by Fare, Grosskampd Lovell (1985, 1994), in
addition to the model assuming variable returnscte described in Section 2, we will

calculate the technical efficiency under two addhiéii models. In the first case, the

model for returns to scale is calculated in whilk testrictioni'A, =1 is eliminated.
This yields a measure for technical efficiency undeiable returns to scaley,s). We

will next estimate the technical efficiency assugnino increasing returns to scale
(@&urs): Which requires incorporating the restriction, <1 to the previous models.

Finally, based on a comparison of the results abthfor each case, it will be possible
to identify the type of returns under which theduroer is operating. The returns will be

constant if@.s = @-rs, While the scale inefficiency will be due to inasing returns to

scale if @.rs = @yrs, OF due to decreasing returns to scal@.j < @rs-

The second objective of this paper is to illustiabev measurements of intertemporal
efficiency can be distorted by ignoring the presemd quasifixed inputs and the
dynamic nature of production activity. To this ewde will use a static production
approach to recalculate the overall efficiency ma@md its technical and allocative

components. The static model treats all of thetmpx andk, ) as variables; moreover,

it does not consider quasifixed inputs at the eralmeriod as simply more outputs to be
used as inputs in the subsequent period. With dpigroach, calculating the static
technical efficiency TEY), allocative AE®) and overall QE®) indices based on a static
DEA model requires reviewing the linear programmpmngblems indicated earlier so as

O g
to estimate the components needed to calculate thdices, that isC3(ko and Cr:.

Thus, to estimate the first of these terms, we realste this new problem:

12



Co (k) =, min S (wx, + k)

koAb o
st. XA £x, t=12..T
K A <k, t=12..T
YA 2y, t=12..T (11)
i'A =1, t=12,..T

k, =Ko, X, 20,k 20,4, 20t=12,...T

Notice how this new problem eliminates the regtictstating that the levels of the
guasifixed inputs at the end of a period are reghrds just another output of the

production activity.
g

To calculateCr: we must solve the static version of problem (nely:

o T _ _
CTSE - minT z ytﬂ(wf X¢+ Uy K1)

Aotz r=1
st. X A, <@ X, t=12,..T
KA <@ ke, t=12,..,T (12)
YA 2y, t=12,.,T
i'A, =1, t=12,.,T
LT

x, 20, 1,20, t=12,.,

We must point out that in this static version, ddiion to ignoring the production of
quasifixed inputs, the radial reduction of the &hle inputs affects not only the variable

inputs but the quasifixed inputs as well.

If the dynamic aspect that differentiates betweaniable and quasifixed inputs is
ignored, errors could also be introduced into thelys of the components of technical
efficiency that could lead to improper businesspolicy decisions. To evaluate this
potential distortion, we will next decompose thehtacal efficiency into its pure and

scale components as mentioned above, and idehgfyeaturns to scale by adhering to
the proposal made by Féare, Grosskopf and LoveB3l#hd 1994) for both the dynamic
and static models. Based on a comparison of thdtsesve will provide empirical

evidence on the potential risk of ignoring the dwmaview when evaluating returns to

scale.

13



3. Data

Ports have always and in every country been redaadestrategic sites. As a result, the
State defines the legal regime of the ports andldggee to which the port authority is
bound by said regime. Port services are usuallyiped through the direct oversight of
part of the operations by the public sector viat @uthorities or other similar legal
bodies, with private companies being authorizedrigage in the remaining operations.
The sector is, therefore, one whose regulationceffeertain fundamental market

aspects, such as the freedom of entry and exitapacity offered and the prices.

As happened in other European countries, the gstes in Spain underwent a series
of profound legislative reforms starting in thelgdr990s, the main milestones of which
were: i) Law 27/1992 on National Ports and Comnadndiaritime Lines, which created
the port authorities responsible for managing, milag and organizing the port
infrastructure and which are coordinated by thetestavned Puertos del Estado
(National Ports); its update (Law 62/1997), whicliowed for the increased
participation of regional authorities in the tagknoanaging their respective ports, and
Law 48/2003, which aims to promote inter-port cotitfma by giving port authorities
greater financial oversight of their financial af&aand of the costs they charge for
providing their services. This reform significantlganged the institutional model of the
Spanish Port System (SPS), steering it toward dldath model and bestowing greater
autonomy on ports, thus providing for greater tékly in adapting to the changing
conditions of the worldwide and regional econondersario The effects of this change
on the SPS have been analyzed from various perggpeciCastillo-Manzano et al.
(2008) found empirical evidence for the impact loé tlegislative changes on cargo
traffic, while Gonzéalez and Trujillo (2008) showaththese reforms have led to an
improvement in technical change for a sample cosigi the largest ports in the

system.

The agents analyzed in this paper are all the 23niSp Port Authorities (PA) -

Alicante, Almeria, Avilés, Bahia de Algeciras, Balde Cadiz, Baleares, Barcelona,
Bilbao, Cartagena, Castellon, Ceuta, Ferrol, Gijéoglva, La Coruia, Las Palmas,
Malaga, Marin-Pontevedra, Melilla, Pasajes, Samte @e Tenerife, Santander, Sevilla,

Tarragona, Valencia, Vigo and Villagarcia — fron®@@o 2007, both inclusive.

Given the model selected for evaluating efficienshjch was presented in Section 2,

this study requires data for the following variabfer each PA and for each year in the
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period.C;, which is the financial cost of using and provglihe port infrastructure, and
includes: i) the cost of the labor employed by RB#e(C;), both the administrative staff
as well as the more specialized technical emplgygescost of the intermediate inputs
(Cy), which includes office supplies, water, electyicimaintenance and external
services and provisions paid by Port Authoritiesd #@i) the capital cost (&), which

was calculated as follows:
Cw =A +p* NPV, (13)

whereA; is the amortization of period p, the profitability in real terms required of the
PA, in this case 3% followingaw 48/2003 modified by Law 33/2010, on the ecormmi

regime of ports, andPV; is the net present value.

The variable inputsx{) are labor I(;}) and the intermediate inputl;{. The quasifixed
inputs k) are the port infrastructure, which in this pajserepresented by the following
two variables: length of docks in metetsvf) dedicated to commercial activities and

total surface are&j), which includes docks, warehouses, roads, bgkjietc.

As shown in Jara-Diaz et al. (2006), it is impottanconsider the multiproduct nature
of port activities so as to correctly charactethz&r production structure. To do this, we
distinguish between six types of outputs. The ficair refer to the cargo that flows
through ports. We distinguish between general cargacontainers (GCC), non-
containerized general cargo (NCGC) — which inclugesong others, pallets — liquid
bulk (LB) and solid bulk (SB). The number of paggens (PAS) that go through the
ports was also included as an additional outpubrder to consider its growing
importance to the costs of the PAs, as noted byekh8anchez et al. (2011). Finally,
the surface area that is under concession (CS)vat@ companies that operate within
the port complex and which pay the PA was includedan additional output of the
activity carried out by the PA. The CS aims to agtofor the more commercial
activities that take place in the port, as reflddig the surface area that the PAs rent to
private companies in exchange for a fee. The compamse these areas to provide
services involving cargo and the passengers, ciedwiduals and other firms that
operate at the various port facilities. To the bafsbur knowledge, this commercial
activity variable has only been considered in Iiee et al. (2002), though in that
study it was measured in monetary units, and thaluded price effects, while in our
study, it is expressed like the other outputs gdhysical unit, in this case as square

meters rented.
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The data corresponding to these four cargo typassemgers, as well as the linear
meters of dock were obtained from the Annual Rep@sued by the public agency
Puertos del Estado. The data needed to calculateotts for labor, intermediate inputs
and capital, as well as the number of employeestlamdotal revenue of the PAs, were
obtained from the Management Reports of the stateed port system, which are

published annually by Puertos del Estado and shasvinformation for each PA. The

information on the surface area rented from the BAS the port surface area was

obtained directly from Puertos del Estado.

The prices of the factors were obtained by dividiagch factor's cost by a
representative measure of the factor's amount:ntmaber of PA employees for the
price of labor ), the PA’s total revenue as representative ofsiteof PA activities
for the intermediate inputn) and, finally the prices of the quasifixed inp(tsy and
Vs ) were obtained by dividing the corresponding tapmxpense by the amounts of the
factorsLM and S respectively. The initial levels of the two quesd inputs ko)
considered in this study, linear meters of dock a&oihl surface area, are those
associated with the values observed at the stait988. Table 1 provides statistical

information for the descriptive variables used um gesearch.

Table 1.- Descriptive statistical

Standard
Variable Units Average deviation
Total cost Thousands of euros 33505 24722
Labor cost Thousands of euros 8025 5311
Intermediate input cost Thousands of euros 6562 5575
Capital cost Thousands of euros 18917 14646
Containerized general cargo Thousands of tons 3528 7678
Non-containerized general cargo Thousands of tons 1719 1943
Liquid bulk Thousands of tons 1721 3438
Solid bulk Thousands of tons 3081 3520
Passengers Thousands of passengers 774 1424
Area under concession Square meters 1149420 979078
Rental fee Thousands of euros 8443 8708
Price of labor Thousands of euros 39.424 4.733
Price of intermediate input Euros 0.219 0.071
Labor Number of employees 199 107
Intermediate input Thousands of euros 31156 27484
Linear meters of docks Meters 7328 4600
Total surface area Square meters 2992187 3411660
Price per linear meter of dock Thousands of euros/meter 1.351 0.538
Price of total surface area Thousands of euros/m? 0.004 0.003

Source: Annual Statistical and Management RepantsState-Owned Ports, published by Puertos del

Estado.
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4. Results

The solution to the linear programming problemstamed in expressions (2), (5) and

(7), which correspond to the dynamic model assumangable returns to scale, yields

o _ O
the levels for optimal cost{(ko)], static efficiency Cge] and technical efficiency

g
[Cie] for each of the PAs in the Spanish port systenith\ithese results from the

dynamic model, we can calculate the overall, st&hnical, static allocative and
dynamic efficiency indices using expressions (8), (9) and (6), respectively. The

efficiency indices for each PA are shown in Tahle 2

Table 2. Efficiency indices based on dynamic model

Tephnical Allgqative Stgtic Dyngmic e%\(/:?ézléy

PORT efficiency efficiency efficiency efficiency (OE)
(TE) (AE) (SE) (DE)

ALICANTE 0.928 0.982 0.912 0.709 0.646
ALMERIA 0.887 0.976 0.866 0.791 0.685
AVILES 0.963 1.000 0.963 0.994 0.957
B. ALGEGIRAS 1.000 1.000 1.000 1.000 1.000
B. CADIZ 0.988 0.987 0.975 0.811 0.791
BALEARES 1.000 1.000 1.000 1.000 1.000
BARCELONA 0.893 1.000 0.893 1.000 0.893
BILBAO 0.988 1.000 0.988 0.982 0.970
CARTAGENA 1.000 1.000 1.000 1.000 1.000
CASTELLON 0.979 1.000 0.979 0.853 0.835
CEUTA 1.000 1.000 1.000 1.000 1.000
FERROL 1.000 1.000 1.000 1.000 1.000
GIJON 0.971 0.999 0.970 0.998 0.968
HUELVA 1.000 1.000 1.000 1.000 1.000
LA CORUNA 1.000 1.000 1.000 0.913 0.913
LAS PALMAS 0.996 1.000 0.996 0.984 0.980
MALAGA 0.977 0.983 0.961 0.777 0.746
MARIN-PONT 0.898 0.996 0.894 0.801 0.716
MELILLA 0.943 1.000 0.943 1.000 0.943
PASAJES 1.000 1.000 1.000 1.000 1.000
SANTACTFE 1.000 1.000 1.000 1.000 1.000
SANTANDER 0.868 0.982 0.853 0.777 0.663
SEVILLA 0.990 0.978 0.968 0.844 0.817
TARRAGONA 0.915 0.996 0.911 0.903 0.823
VALENCIA 1.000 1.000 1.000 1.000 1.000
VIGO 0.942 0.986 0.928 0.727 0.675
VILLAG. AROSA 0.914 1.000 0.914 1.000 0.914
AVERAGE 0.964 0.995 0.960 0.921 0.887
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The results show a relatively high average ovesfiitiency of 88.7% for the period
from 2000 to 2007. This means that the improper afsthe variable and quasifixed
inputs has resulted in an average cost overrunl@d%. The decomposition of this
overall inefficiency highlights the importance dfet dynamic component, since the
overuse of quasifixed inputs is responsible foramarage inefficiency of 7.9%. This
result points to the fact that the infrastructumeeistment process undertaken by the PAs
was not optimal during the period, and evidenceckssive levels of these quasifixed
inputs. As for the remaining components of oveefficiency, we should note that the
proportion in which the variable inputs were conduins close to optimal, as indicated
by an allocative efficiency index value close tatyinFinally, the overuse of both labor

and intermediate inputs generated an average seipaosts equal to 3.6%.

A more detailed analysis of the results at the Byell reveals that the rankings for
overall efficiency and for each of its componente &ery similar, there being no
common pattern among those ports with higher leweél®fficiency. There are 12
efficient ports, among them most of the large puwiithin Spain’s port system, such as
Algeciras, Baleares, Barcelona, Santa Cruz de Terard Valencia, some intermediate
size ports like Cartagena and Huelva, and smaletsdike Ceuta, Ferrol, Melilla,
Pasajes and Villagarcia. There is also no empidaeaience that allows us to draw any
conclusions regarding the effect that the traffipet may have on efficiency. We see
that among the most efficient PAs, there are patith high passenger traffic, like
Algeciras, Santa Cruz de Tenerife and Balearesofimels with high container traffic,
like Algeciras, Barcelona and Valencia, or withrsfigant levels of liquid bulk traffic

as is the case with the port of Cartagena.

There is another group of four ports, Avilés, Bdbasijon and Las Palmas, whose
efficiency level is very close to unity. Only thergs of Alicante, Almeria, Santander
and Vigo show efficiency indices below 70%, theueabf this index being conditioned
by the dynamic efficiency. Thus, the correlatioreffigient between the dynamic and
total efficiency is 0.987, while for the static aoerall efficiency it is 0.833.

So as to obtain the results that would be yieldsohgua static DEA model, the
programming problems presented in expressionsgdd )12) were solved. Then, using

g g
the cost estimate€°(ko apd C>-, the static indices for overalDE), technical TEY)

and allocative AEY) efficiency were calculated using expressions (8),and (9). The

18



results are shown in Table 3. We should note th#his case, an intertemporal frontier
was estimated in order to be able to interpretdifference between the results of the

dynamic and static models correctly.

Table 3.- Efficiency indices based on static model

Static Static
technical allocative Static overall

PORT efficiency efficiency efficiency
(TE® (AE®) (OE®)
ALICANTE 0.683 0.855 0.584
ALMERIA 0.696 0.936 0.651
AVILES 0.963 0.968 0.932
B. ALGEGIRAS 1.000 1.000 1.000
B. CADIZ 0.982 0.790 0.776
BALEARES 1.000 1.000 1.000
BARCELONA 0.833 1.000 0.833
BILBAO 0.988 0.952 0.941
CARTAGENA 1.000 1.000 1.000
CASTELLON 0.875 0.812 0.710
CEUTA 1.000 1.000 1.000
FERROL 1.000 1.000 1.000
GIJON 0.971 0.920 0.893
HUELVA 1.000 1.000 1.000
LA CORUNA 1.000 0.902 0.902
LAS PALMAS 0.983 0.874 0.859
MALAGA 0.850 0.769 0.654
MARIN-PONT 0.621 0.882 0.547
MELILLA 0.774 0.983 0.761
PASAJES 1.000 1.000 1.000
SANTACTFE 1.000 1.000 1.000
SANTANDER 0.827 0.801 0.662
SEVILLA 0.802 0.844 0.677
TARRAGONA 0.902 0.868 0.783
VALENCIA 1.000 1.000 1.000
VIGO 0.775 0.850 0.659
VILLAG. AROSA 0.845 1.000 0.845
AVERAGE 0.902 0.927 0.836

The results highlight how the static view of podtigty overestimates the overall
inefficiency, which in this case is equal to 16.4% average, or 5.1 percentage points
above that calculated using the dynamic model. $ame thing occurs with the
technical and allocative inefficiencies, which apgerestimated by 6.2 and 6.8

percentage points, respectively.

A port-level analysis reveals the most importameass of the comparison between the
two models. First, all of the ports that are efidi in the static model are also efficient

in the dynamic and vice versa. Second, the effayiemnderestimate using the static
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model is exhibited for every non-efficient port.iFhmesult extends to every efficiency
component, meaning that not only is the overaltigfiicy underestimated in the static
model, but also the technical and allocative efficies. In the case of technical
efficiency, the underestimate results from the fhat the dynamic model shown in (7)
only allows for the reduction of the variable inguivhich do not include the quasifixed
inputs, while in the static model given in (12)e tteduction coefficient is applied to all

of the inputs, since the static conception of thabjem means that all of the inputs are
regarded as variable. In order to facilitate a carafive analysis, we included Table 4,

whose columns show the ratio of the efficiency @egdiobtained using both models.

Table 4.- Comparison of efficiency indices in botimodels

PORT TE/TES AE/AES OE/OE®
ALICANTE 1.358 1.149 1.106
ALMERIA 1.275 1.043 1.052

AVILES 1.000 1.033 1.027

B. ALGEGIRAS 1.000 1.000 1.000
B. CADIZ 1.006 1.249 1.019
BALEARES 1.000 1.000 1.000
BARCELONA 1.072 1.000 1.072
BILBAO 1.000 1.050 1.032
CARTAGENA 1.000 1.000 1.000
CASTELLON 1.119 1.232 1.176
CEUTA 1.000 1.000 1.000
FERROL 1.000 1.000 1.000
GIJON 1.000 1.086 1.084
HUELVA 1.000 1.000 1.000
LA CORUNA 1.000 1.109 1.012
LAS PALMAS 1.013 1.144 1.141
MALAGA 1.149 1.278 1.141
MARIN-PONT 1.446 1.129 1.308
MELILLA 1.218 1.017 1.239
PASAJES 1.000 1.000 1.000
SANTACTFE 1.000 1.000 1.000
SANTANDER 1.050 1.226 1.000
SEVILLA 1.235 1.159 1.208
TARRAGONA 1.014 1.147 1.051
VALENCIA 1.000 1.000 1.000
VIGO 1.215 1.160 1.025
VILLAG. AROSA 1.082 1.000 1.082
AVERAGE 1.083 1.082 1.066

It is obvious that ports that are efficient undethbmodels yield a result for this index
that is equal to unity. For the remaining port® ithdex is greater than unity. From a
guantitative standpoint, the average underestirnfitbe technical efficiency index is

8.3%. But a port-level analysis shows very sigatficdifferences. Such is the case for
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the ports of Alicante, Almeria, Marin-Pontevedraglilta, Sevilla y Vigo where the
static model reports a technical efficiency of 35,827.5%, 44.6%, 21.8%, 23.5%, and
21.5%, respectively, belowhat obtained using the dynamic model. In this egns
Nemoto and Goto (2003) in the Japanese electlitag] and Wang and Huang (2007)
in the commercial banking sector provide a regatilar to ours. Likewise, Geymueller
(2009) provides evidence from American electricahsmission system operators that
shows how efficiency measures calculated using staéic DEA methodology are
underestimated in comparison to the results obdairséng a dynamic DEA model. It is
important to note that differences also emergecatbe same lines among the measures
of allocative efficiency, as is the case with 60%dhe ports, and significantly in the
case of the ports of Cadiz, Castellébn, Malaga aacte®der. As a result, the overall
efficiency index is underestimated in the staticdelo This distortion could be
significant, as seen in the ports of Marin-Ponteaedelilla, Sevilla and Castellon.
These results highlight how the static model's ui@l to capture the dynamic
inefficiency leads to distortions in both the teickh and allocative components of

efficiency.

Next, in keeping with the procedure described inti®a 2, we compare the technical
efficiency components obtained from the static dywlamic models. Table 5 shows the
pure technical and scale efficiency componentsyels as the returns to scale under

which each port is operating, for both the dynaamd static models.

Focusing first on the results of the dynamic modad,see that in addition to the pure
technical inefficiency noted earlier (obtained gsithe model that assumes variable
returns to scale), there is an average scale amifty in Spain’s port system of 2%,
with the highest levels present in the ports of cBama, Marin-Pontevedra and
Villagarcia de Arosa. There is a group of portsr@Bfona, Castellon, Gijon, Melilla and
Villagarcia de Arosa) where, despite the technycafficient use of production
resources, the scale at which they are operatimpti®ptimal, which is an additional
cause of inefficiency. Finally, we note that basedthe results, there is no common
pattern to the distribution of the pure technicatl ascale efficiencies. Specifically,
neither the predominant type of traffic at eacht pwr the port's size provides an

explanation for the decomposition of technicalciincy.
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Table 5.- Decomposition of technical efficiency antype of returns to scale in both
models

PORT

ALICANTE
ALMERIA
AVILES
B. ALGEGIRAS
B. CADIZ
BALEARES
BARCELONA
BILBAO
CARTAGENA
CASTELLON
CEUTA
FERROL
GIJON
HUELVA
LA CORUNA
LAS PALMAS
MALAGA
MARIN-PONT
MELILLA

PASAJES
SANTACTFE
SANTANDER

SEVILLA

TARRAGONA
VALENCIA
VIGO
VILLAG. AROSA
AVERAGE

Dynamic model Static model
Pure Scale Returns to Pure Scale Returns to
Technical  Efficiency Scale Technical  Efficiency Scale
Efficiency Efficiency
0.954 0.973 DRS 0.756 0.904 IRS
0.910 0.975 IRS 0.733 0.949 IRS
0.993 0.970 IRS 0.993 0.970 IRS
1.000 1.000 CRS 1.000 1.000 CRS
0.992 0.996 DRS 0.991 0.991 DRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 0.893 CRS 1.000 0.833 DRS
0.988 1.000 CRS 0.988 1.000 CRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 0.979 IRS 0.995 0.879 IRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 0.971 IRS 1.000 0.971 CRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 0.996 CRS 0.987 0.996 DRS
0.987 0.990 IRS 0.947 0.898 IRS
0.982 0.914 IRS 0.873 0.711 IRS
1.000 0.943 IRS 1.000 0.774 IRS
1.000 1.000 CRS 1.000 1.000 CRS
1.000 1.000 CRS 1.000 1.000 CRS
0.888 0.978 DRS 0.850 0.973 IRS
0.992 0.998 IRS 0.829 0.967 DRS
0.941 0.972 DRS 0.928 0.972 DRS
1.000 1.000 CRS 1.000 1.000 CRS
0.955 0.986 DRS 0.803 0.965 DRS
1.000 0.914 IRS 1.000 0.845 IRS
0.985 0.980 - 0.951 0.948 -

Comparing the technical efficiency indices obtaifredn the models that assume CRS,

VRS and NIRS allowed us to identify the type olires to scale for each port authority.

We see that 13 of the 27 ports analyzed are opgratider constant returns to scale,

while nine are doing so under increasing returnsdale. This result confirms prior
findings for this same sector (Nufiez et al. (204dd Jara-Diaz et al. (2002)), which
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indicate that the existence of increasing retuonscile converge to constant returns as

traffic levels increase.

Following the same procedure as in the dynamic gadded the pure technical and
scale efficiencies for the static model. In thisecaan average scale inefficiency of 5%
was identified. The effect on inefficiency of opimng at a non-optimal size exceeded
10% in the ports of Barcelona, Castellon, Malaga ditlagarcia de Arosa, and 20% at

the ports of Marin-Pontevedra and Melilla.

Finally, a comparison of the results obtained udimg dynamic and static models
reveals, first of all, that not considering thestence of quasifixed (indivisible and long
service life) inputs leads to underestimating bodimponents of efficiency; in other

words, the measures of pure technical and scal@egity calculated using the static
model are lower for every port than those obtawm&dg the dynamic model. This result
highlights the importance of distinguishing betwela variable and quasifixed inputs
in the model, since not doing so will exaggerat¢hbihe pure technical and scale
inefficiencies. Secondly, we should also undersdbe¢ the type of returns to scale
changed in 20% of the ports analyzed, which reggsithe idea that not considering the
presence of quasifixed inputs can significantlyeralthe results, and could call into
guestion the suitability of any decisions that arede based on this characteristic of

technology.
5. Conclusions

The indivisibilities and long service life of pdecilities result in this production factor
being regarded as a quasifixed input, meaningitlt@nnot be immediately adjusted to
actual production and that it contributes to thedpiction of services over several
consecutive periods. These characteristics of fmiinology require formulating a
dynamic model for measuring efficiency that ackremiges the existence of an
intertemporal relationship between the inputs ws®tithe resulting outputs.

In this paper we have calculated the efficiencythaf provision and utilization of the
infrastructure of Spanish ports applying a dynaBieA model to a database compiled
for the period from 2000 to 2007. The measure adral efficiency at Spanish port
authorities shows an average inefficiency of 11.3Phe decomposition of this
inefficiency shows that it is determined primarby the improper use of quasifixed

inputs, which increases costs on average by 7.986.highlights how the infrastructure
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investment process undertaken by Spanish port atiésowas not optimal during the
period analyzed, with excessive levels of docks pod surface area. Moreover, the
overuse of both labor and intermediate inputs ahuse the technical inefficiency
generated an average cost increase of 3.6%. Wdbece to the contribution from
allocative inefficiency, the proportion in whichetlvariable inputs were combined is

close to optimal.

Failing to consider the dynamic nature of the tedbgy used by port authorities leads
to an improper estimate of their efficiency. By agimg the interrelationship in time
among the technologies used in each period, thesunes for overall, pure technical,
scale and allocative inefficiency under a statiewiof port activity will be
overestimated if the quasifixed inputs are usetficiently. The difference between the
results of the dynamic and static models emphabieemportance of acknowledging
and modeling the presence of quasifixed inputs, s&hose cannot be immediately
adjusted and whose contribution to the productibpart services extends over time.
What is more, ignoring the dynamic aspects impdsethe use of quasifixed inputs,
such as an infrastructure, can have a significfetteon the type of returns to scale

under which the port is assumed to be operating.

An erroneous inefficiency calculation can leadaualfy policy or business management
decisions. If a system for setting prices basedecnvering total costs is followed, as is
the case with Spain’s port system, the port’s inigficy is transferred to the user. In
addition, the use of a dynamic model lets us tosueathe inefficiency caused by the
inadequate use of quasifixed inputs and obtainr@cbmeasure of the production scale
with the implications that this has on investmestigions. Finally, the evaluation of the
productive performance is also affected by the oppr choice of model, as evidenced
by the underestimate in the efficiency that restitimm the use of a conventional static

approach.
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