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SUMMARY
This paper shows how measures of rel ative efficiency performance could promoteyardstick competition between
port infrastructure operators. Theillustration isbased on astudy of the efficiency effects of the Mexican 1993 Port
Reform. It coversthe 1996- 1999 period and relies on astochastic production frontier to show that Mexico’ sports
achieved 2.8-3.3% average annud efficiency gains since reform. The port specific measures point to cons stent

leaders and laggards which would not al beidentified by common partia productivity indicators. Thisinformation

could be built into an explicit incentive based regulatory regime aiming at promoting catchrup by laggards.

Keywords. Latin America, Mexico, efficiency, port, regulation, competition.



1. INTRODUCTION

During the last decade, Latin American ports have changed sgnificantly in dl but afew smal countries (El
Salvador, Honduras, Nicaragua and Paraguay). The region’s mgor ports are no longer state-run public
monopolies. Most common user ports have been or are being concessioned to private operators, many more
specidized ports and terminals are now privately owned or leased, and regiona and internationa port companies
participate in the operation of a large number of relatively smal ports and in competing terminals within larger
ports.t

These reforms have taken place because ports are one of the key components of the logistics chain which
weights-in heavily in the fina costs of many exported and imported products. Reforms that improve port
efficiency are expected to cut totd logistic costs and hence improve the overall competitiveness of the reforming
economy. The most common instrument relied on to generate cost -cutting efficiency gainsistheintroduction of
some type of competition.

To achieve competitionin ports, there are two main gpproaches. Thefirst isex-ante competition and relies
on the auction of the right to operate the port or in the port. The second isex-post competition between portsor
between terminalswithin aport. It semsfrom the assessment of therel ative and absol ute performance of each port
— the basis of yardstick competition or competition by comparison.? Both forms of competitions are built-in the
Mexican reformsinitiated in 1993 which makes Mexico a particularly representative and interesting case studly.

A common feature in post-reform monitoring isthe focus on partid productivity indicators such aswaiting
time, labor productivity, use of capacity. These partid indicators are dl useful but they can be quite mideading
sincethey do not necessarily generate the same ranking of ports. Thisiswhy, in Mexico'sreformsjust asin most

other port reforms, they only have a limited vaue for the implementation of some of the recent regulatory



mechanismswhich require some explicit consistent estimates of efficiency gains® The measurement of the absolute
performance semming from the joint effects of al inputs on outputs is needed for the revison of the price caps
adopted by Mexico—another common featurein port reform-and should be analytical—.e modd or formuladriven.
These absol ute performance measures could al so be combined to generate rl ative performance assessmentsand
promote inter- port competition.

With this background, the specific focus of the paper istwofold. First, we show that even in aset up with
limited data availability common to most ports around the world, we could assess through the estimation of a
production frontier the efficiency gains achieved since Mexico introduced its reforms. We aso discuss some
COMMON processissuesin port regulation surrounding the use of these efficiency measuresin the context of atariff
revisons or any other type of regulatory interaction between operators and regulators. Second, we show why
efficiency measurements generated from production frontiers have the seeds of what could become a sandard
ingrument to promote ex-post competition and forma yardstick competition in the sector to give stronger
incentives to improve efficiency to the poorest performers.

The paper is organized as follows. Section 2 presents the recent reforms in the Mexican port system.
Section 3 summarizesthe main results available in the literature. Section 4 discusses the methodology followed to
assess the efficiency effects of the reform in Mexico and the results of the andlysis. Section 5 offers some
concluding thoughts.

2. THE REFORM OF THE MEXICAN PORTS

Thereform of the Mexican port system started in 1993 and followed a pattern similar to that of many other

reforming countries. In Mexico, as in most countries, the port system was until then managed centraly by a

network of public firms. This section describes the Mexican port sysem and its reform, emphasizing the



inditutional framework resulting from the dianges and the facts that are most relevant to the assessment of
improvements in performance.
(@) Market structure

Mexico is supported by a large port system composed of 108 ports and terminals® distributed aong the
11,500 km coastline of the country, with atotal berth length of 110 km. Half of these facilitiesarelocated on the
Pecific coast, and the other haf on the Mexican Gulf and the Caribbean. There are 39 ports dedicated to
commercid activities, and gpproximatey a smilar number are fishing ports; 22 ports are specidized in tourist
traffics, and eight are specidized in ail traffic. This system handles 85% of tota internationa trade, and morethan
seven million passengers.

The core of thetrafficishowever extremely concentrated. M ost goesthrough 27 commercid, indudtria and
tourist ports, and 10 terminas specidized in oil and minerd oretraffic. In 1999, the main eight ports handled 71%
of tota cargoes, four of them in the Atlantic coast and the other four on the Pacific. However, if ail isexcluded,
basicdly haf of totd movements of cargo are performed by five ports Veracruz, Tampico and Altamiraon the
Gulf of Mexico; and Manzanillo and Lazaro Cardenas on the Pecific sde.

Tota movement of cargo by Mexican ports increased from 169 million tonsin 1990 to 248 million tonsin
1999. Passenger traffic has doubled during the same period, while container traffic has multiplied by three. The
main cargo typesare oil and itsderivatives, with ashare of 62%, followed by minerd oreswhich amounts 23% of
total tons handled by Mexican ports. Generad cargo, including both bulk and containerized goods, represents 8.5%
of total tons. The percentage of goods transported in containers over tota genera cargo (containerization index)
exhibits very low vaues—36% in 1999- compared to internationa standards—but itisimproving. Fromthetotd

TEUs (Twenty feet Equivdent Unit) handled by the port system, the ports of Manzanillo and Veracruz moved



about 70%. These two ports have the more modern container terminds of the country, and therefore ther
productivity and efficiency are expected to be higher for than other ports.
(b) Restructuring and privatization

M odernization and reform of Mexican portsstarted in 1993. Aspart of the Strategy used to reform the port
system, two type of actionswerefollowed. First, an adequate legd framework was needed to allow privatefirms
to enter the port industry as operators. Thiswas built in the new Ports Law passed in 1993. The second action
was the dismantling of the public agency Puertos Mexicanos (PUMEX), responsible up to 1993 for the ports
network and was the only agency in the country authorized to build port infrastructures and to provide port
sarvices. Thereform rested on three key instruments: decentrdization, privatization and introduction of competition
in the port system.

Decentralization implies that each port must have an autonomous, self-financing Port Adminidiration, so
that the government will have only asupervisory role over the system; it was pursued by cresting independent Port
Adminigrations (Administraciones Portuarias Integrales, APIs) a each port or group of smal ports, which are
publicly owned companiesto which the adminigtration of portswasdirectly granted. Thus, for examplethe AP of
theVeracruz port islegally established asacompany whose shares are owned 99.8% by the federal government,
and 0.2% by the development bank BANOBRAS. The board of the APIs must include representatives from the
Statesand municipdities, and some from the private sector. The APIswere granted therights over the port assets,
and authorized to grant concessions over those same assats to private firms, but making it clear that in no case
those assets will be permanently trandferred to the private sector. APIs pay compensations to the federa
government for the use of assets publicly owned. Thefederd government, through Secretariade Comunicaciony

Transporte (SCT), kegpstherole of port authority, and it isthe agency that grantsal concessions, and licenses.



Additiondly, SCT acts as regulator in those cases where competition is absent or it is not strong enough, by
determining maximum tariffsto be charged to users. Matters on safety are performed by the navigation authority
(Capitania de Puertos), which is an agency independent from SCT.

Decentrdization started in February 1994, when the APIs were created and assumed the functions of
planning, building infrastructures and promoting the port, gpart from tasks on safety. They act aslandlordssncethe
Ports Law precludes them generally to act as port operators and requires them to contract with third parties.
However, they are not full port authorities, sncethat role islegaly attributed to SCT. The main 16 ports created
APIs accountable to the federa government mostly. Additiondly, five ports have APIs which are controlled by
State governments, al these are speciaized ports (tourism, fishing) or serve smal loca markets. Thereisonly a
private API, in the port of Acapulco, specidized on tourigs traffic. Both the five State-controlled APIsand the
oneof Acapulco sharethe characterigtic that the API isaso the operator of port services, dueto the small size of
ports, or to their specidization.

Privatization implies that the port industry must be open to the participation of private investors, both
nationalsand foreign, for the operation of terminasand other facilities, and eventudly even the port adminigtration.
In dmost every port, private participation has now been introduced through auctions for concession contracts
between APIsand privatefirmsto provide port services. For smple services, such astowage and pilotage, only a
license is required, which can be obtained by any interested party sufficiently quaified. Private participation has
induced significant changes in the port industry, in terms of investments on infrastructure, and improvements in
quality of service and tariffs. Thus, tota investments in equipment and new terminas was around 6,000 million
pesos between 1995-1998, 60% of which was private investment. Investments in infrastructure and equipment

have dready generated substantia capacity increasesfor the Mexican port system. In 1993, the estimated ingtaled



capacity dlowed to handle 59 million tons of commercia cargo (doesnot include oil, cement and salt). However,
portsonly moved 24 million tons. The reforms further increased this capacity to over 90 million ton by the end of
the 1999 but dso increasad utilization to over 55 million tons.

The last phase considered for the process of ports' reform isthe transfer of APIsto the private sector, by
sdling their shares to investors. This has no been very successful so far. ° There are no established dates or
conditionsfor privatizing the port administration (APIs) of the main ports of the country. Thereiscurrently only one
private APl (Acapulco), and two portsarein the process of privatization (Topolobambo and Guaymas). Thislack
of private interest in the operation of APIs contrasts with the strong penetration of the private sector in port
sarvices. Mogt of these servicesarein fact now privately operated attesting to the overall success of this phase of
the reform.

Liberalization and competition, between ports and between operators within ports, resulted from some
redrictionin the auctionsfor concessonsand required liberdization of tariffsand eimination of cross-subsdiesand
barriers to entry. First, according to norms on competition, al request by private firms to participate in public
auctions to obtain concessons over port assets were evauated by the competition agency, the Federa
Commission for Competition (CFC using the Spanish initias), to avoid risks of excessve market power after
privatization. In practice, this obligation did not impose a relevant restriction over the outcomes, snce most
gpplicants were authorized to participate without reservations. However, an important ruling was the initia
redtriction for firms not to win more than one concession on each coast (Pacific, Atlantic). This geographica
restriction was later modified, and now the only redtriction isthat afirm must not gain adominating position in the
relevant market (this was gpplied, for example, for the tourist cruise markets).

Second, port tariffs have been generdly liberdized. Regulation is only used in those cases where it is



considered that there is not enough competition between operators. The Ports Law establishes that CFC isto
examine these questions and to determine when tariff regulation isor isnot required. Port tariffscharged by APIs
to ships for the use of common infrastructures are subject to price caps. The limits approximate the long-run
margina cost of each port— operating and investment costs—and hencetariffsare different for each port but close
totheleve that would result from competition. To promoteincentivesfor cost reductionsand innovation, thelimits
are to be revised every five yearsto reflect any efficiency gains that may have been obtained from competition
between the ports. In addition, with respect to the labor market, the reform transformed collective bargaining into
firm-leve bargaining, thusalowing firmsto negotiate with their workers according to loca and business conditions.
As a result, the number of port workers employed by the public sector has been reduced, but total port
employment by private firms is rising, due to an increase in the activity of ports. For example, the port of

Manzanillo had 2,100 workers before the reform, and at the end of 1997 the number had doubled. In Veracruz,
with aninitid number of 6,647 employees, the increased was not so spectacular in relaive terms, but it had so
risen to 8,260.

Oveadl, themost rlevant fact emerging from thisbrief overview isthat Mexico wants competition between
its ports as away of improving the competitiveness of these ports. To achieve thisgod and to make the most of
theregulatory toolsthe reform has granted to itsregulator, Mexico needsto be able to measure theimprovements
in efficiency in each port in absolute and relative terms. It needs an absolute measure because the limits to the
regulated tariff will haveto reflect every five yearsthe average efficiency gainsachieved. It needsardative measure
because the spirit of the reform requires competition to be sustained as a matter of process and that this, in turn,
requiresaregular assessment of therelative performance of the main ports, therefore creating the basisof asystem

of yardstick competition. It turns out that five years have just passed since the beginning of the reform and that



enough data are available to make afar assessment of absolute and relaive efficiency improvementsin the main
Mexican ports.
3. A BRIEF SURVEY OF EFFICIENCY MEASURES IN THE PORT SECTOR

Theé€fficiency literature on ports performanceisrdatively modest in comparison to the efficiency literature
available on other infrastructure activities. It isevolving however and can be classfied into two main groups. The
fird covers partid indicators of productivity in the port system but presents only avery limited view of efficiency
zooming on specific ports. The second, more recent and much less devel oped, adopts the types of approaches
recommended by this paper.°

The literature covering partid indicators of port productivity continues to prevail among practitioners as
reveaed by arandom look at annual reports published by port authorities.” Themore academic literature adopting
this approach to focus on specific ports spans over a 15 years period starting inthe early 1980s after which afirst
attempt at using theseindicatorsfor inter-port comparisonswas suggested by Tongzon (1995) and Talley (1994).
Their gpproach was quite smple and consisted in defining aset of comparableindicators. Heaver (1995) and the
Austrdian Productivity Commission (1998) went further and used comparableindicatorsto try to see how inter-
port competition could be promoted andyticaly. Smilar studiesrelevant to the concerns of aregulator includethe
study of scae economies by Jara et d. (1997) or Cullinane and Khanna (1998). Fernandez et d. (1999) also
coversthe effects of privatization. While al these studies generate useful ingghts on the performance of portsand
the factors driving their costs, their main drawback was their partid view which does not yield an andyticaly
consstent gpproach to the joint contribution of the various inputs to efficiency.

The second generation of studies relying on forma measures of efficiency is an attempt to address this

falure. Itisdtill too recent to have generated many publications. However, thediversity of approachesfollowed by



therelatively modest volume of papersisquitereveding of thelack of concensusontheided approach. Themain
contributions of these studies are summarized in Table 1. A few clear trends gppesar.

In generd, researchers focus on panedls of ports cost or production performance to make the most of the
information available. Only two papers rely on a smple cross-section. Roll and Hayuth (1993) rely on data
commonly available from annua reports in ports and Tongzon (2001) covers 16 ports for which he obtained
comparable datafor 1996.

Second, the models preferences are evenly distributed between stochastic frontiers and DEA, with one
study by Bafios, Coto and Rodriguez (1999) a so testing adistance function to show the difficulty faced by portsin
adjuding inthe short runitsquas fix factors. Liu (1995) focuses on production to ca culate technica efficiency and
compares the influence of public and private ownership in Britain. Coto, Bafios and Rodriguez (2000) test acost
frontier. Roll and Hayuth (1993) show how DEA can be ussful in assessing the reldive effectiveness of various
waysof organizing port serviceswhen limited dataare available. Martinez, Diaz, Navarro and Ravelo (1999) relies
onaDEA to assessthe evolution of the rdative efficiency of Spain’sports. Tongzon (2001) uses DEA to makean
internationa comparison of efficiency in four Austrdian and 12 other ports from around the world.

A third noticegble feature of the comparison of the studies is that al stochagtic frontiers are tested for
trand ogs but the type of technical progress—i.e. neutra vs. non neutral — built-in varies across studies. Moreover,
the production or output measures aso vary. Coto et d. (2000), Martinez et d. (1999), Bafoset . (1999) and
Rall and Hayuth (1993) al adopt ameasure of physica quantities of merchandises manipulated. In addition, Roll
and Hayuth include service leved, sarvice satisfaction and ship traffic as outputs. Martinez et d. and Roll and
Hayuth mode explicitly the multi-product nature of ports.® They aggregate the three main components of the port

activity: tons of merchandises moved, passengers loaded and unloaded and number of vehicleswith passengers.



The product can aso aggregate freight (aweighted sum of containers, generd cargo and grain) and service level
(retio of hanlding timeto tota stay) asdone by Roll and Hayuth (1993). Liu (1995), Bafioset d. (1999) and Coto
et d. (2000) assume a single output technology and the last two authors measure output through the volume of
merchandise handled. Liu (1995) measuresthe output through the revenue generated—exduding revenuefromthe
sale of goods. This approach assumes that the ports are quite competitive and that tariffs reflect costs and hence
that revenue reflects output.

All studiesmodd capital and labor asinputs—as expected. Thelabor input is gpproximated by the number
of employeesor therelated expenses. Roll and Hayuth (1993), Bafioset d. (1999) and Tongzon (2001) adopt the
first option and define labor as the average annua number of workersin the port. Liu (1995) and Martinez et al.
(1999) assume that the total wage payments are a good approximation of the labor input. The modding of the
capitd input gives rise to more gpproaches. Liu (1995) defines capitd as the net value of fixed capitd, including
land, buildings, docks, berths, roads, storage and equipment. Roll and Hayuth (1993) consider that capita isthe
annnua average of dl capital invested in ports and indalations. Martinez et d. (1999) assumes that it can be
approximated by depreciation expenditures. Bafios et d. consder two types. one variable, approximated as a
percentage of the net value and one quas-fixed definied as the length of the docks/berth with a depth over four
meters. Other production factorsinclude “other expenditures’ representing intermediate inputs (Martinez et d.,
1999); energy consumption, nortrecurrent labor inputs (Bafios et d., 1999); and the diversity of load to pick up
the degree of specidization of the port (Roll and Hayuth, 1993). Tongzon (2001) includes separately the number
of cranes, of container berths, of tugs and of termina areas. In addition, he adds aquality variable approximated
by the delay time—which may seem strange since it could be seen as a proxy for an output as well.

Tablel



For the two papers with cost functions, Barios et al. (1999) and Coto et a. (2000), the prices of labor are
approximated by theratio of total labor cost to the number of workers. For the price of capital, they differ. Cotoet
a. (2000) dividethe amortization of the period by the length of docks. Bafioset d. (1999) distinguish between the
priceof variable capitd, defined astheratio of investmentsredized in oneyear over invesmentsover the previous
year and the price of capital quasi-fixed gpproximated by the ratio between the use of capacity and the length of
dockswith adepth over four meters. The price of intermediateinputsistheratio of consumption, externa services
and service cogts, over port activity defined asthe number of tons of merchandise handled by the port. The price
of energy is obtained by allocating the energy inputs cost to ports according to the volume handled.®

The environmentd variables covered are usudly included to gpproximate some inditutional or market
specific characteristics and are usudly built in the second stage of two stages gpproaches to the measurement of
efficiency. Liu (1995) rdies on four variables. Ownership is a dummy differentiating between private, trust and
municipa ports. Theszeof portsentersasadummy distinguishing between large, and, “medium and smdl” ports.
Locdization on the Pacific shore vs. Atlantic shore dso enters as a dummy. Findly, the intengty of capitd is
measured as the ratio between the net value of fixed capitd and the total wage bill. Coto et al. (2000) rely on a
dummy as well to digtinguish between autonomous and other portsand on dock length to model the rel evance of
the sze of ports.

Whileintuitively quite attractive, the idea of using these variables in a second stage to explain efficiency is
criticized by some of the top econometricians in the fidd. Indeed, sarting with Kumbhakar et d. (1991),
Reifscheneider and Stevenson (1991) and Battese and Coelli (1995), the criticism is based on the fact that the
variable used in the second stage should have dready been used in the first stage to ensure that inefficiency is

measured properly. The failure to do so leads to a mispecified model. To the extent that they are revant, the



resdud of the first sage generate wrong estimates of efficiency. The critique is however not addressed to the
genera approach since frontiers can indeed provide other policy insghts on the functioning of ports.

This leads to a discussion of the estimation methods used. As can be seen in Table 1, the diversity of
methods used is quite impressive. Two stages methods relying on insrumenta variables and maximum likelihood
gpproaches are quite common to estimate the parametric frontiers. Most of them aso look into thefixed effects of
each port to ease the relative performance assessment. As for the nonparametric gpproach, it may be worth
pointing out that Martinez et d. (1999) and Tongzon (2001) rely on amethodology proposed by Banker, Charnes
and Cooper (1984) to account for scale. They adopt atwo stagesradia gpproach to generate the efficient frontier
by solving alinear programming model.

Whilenot gtrictly comparable, the measures of efficiency obtained by the various authorsare summarizedin
the last column of Table 1 since none of the papers rely on methods comparing grictly the same sample with
different methods or of the same time period with comparable output variables. Liu (1995) doesfocus on technicdl
efficiency but does not compute port pecific efficiency measures. He computes Smply an average which he uses
asavariableto explainin asecond stage. His comparison of the various portsleads him to suggest that in the UK
for the 1983-1990 period, there is no sgnificant advantage to private or public ownership when the policy
environment is competitive. He also showsthat size matters and being larger helps, that location matters but not a
lot and thet capitd intensity has no sgnificant impact. Coto et a. (2000) assess the economic efficiency of each
Spanish port for the second haf of the 1980s. The first stage of their analytical works revedls aranking in which
the smdlest ports were the most efficient and the largest the least efficient and that autonomy did not necessarily
help. When testing in a second stage the relevance of sizefor theleve of efficiency, they concludethat sized does

in fact not matter but thet autonomy hurts efficieny levels.



Covering alonger period for the same st of ports, 1985-1997, and focusing on technicd efficiency, Bafios,
Coto and Rodriguez (1999) concludethat thereisan overcapitalization of the sector and that the Spanish portsare
not minimizing cogts, hence reinforcing the attractiveness of the distance function—although both the cost and the
distancefunction lead to the same palicy conclusons. Relying on DEA, Tongzon (2001) confirmsthe relevance of
the degree of capital and labor utilization in the assessment of efficiency. Also reying on DEA, Marttinez et d.
(1999) show that athreeleve grouping of the Spanish ports (large, medium, and small) for the 1993- 1997 period
refines the earlier results. In recent years, the largest ports have been the most efficient and exhibited the largest
efficiency gains. The smalest ports on the other hand have been the victim of a progressive decline in thelr
performance and medium ports seem to catch up. The main additiona policy contribution of the Roll and Hayuth
(1993) paper isto confirm that location matters, asrevealed by a different sample.

Ignoring momentarily the doubtstheat the Battese- Codlli critique could cast ontheresults, an overdl glancea
the last column is however useful to get arough order of magnitude of thelevels of efficiency that can be expected
for varioustypes of combinationsof modelsand output variablesin sector. It suggestsfirgt thet the efficiency of the
sector islikely to be stronger in terms of production frontier thanintermsof cost frontier, confirming that thelocd
monopoly power many ports haveis sufficient to generate rent which regulators arefailing to redistribute to users.
It dso showsthat the standard policy concerns such as overcapitdization, Sze or autonomy can berdevant but not
aways in the expected direction.

Overdl, in addition to thesefairly generic results, the overview provides someingghts on what seemsto be
the minimum information reguirements needed to implement a comparative performance evauation in the port
sector. The multiple output nature of the port business yields a large variety of indicators to pick from which

includes non-trangport related activities such as the rentd of pace for any purpose. If dlocaive efficiency is



important acost function must be estimated. The chalenge of separating costs between variableand fixed isinitself
sgnificant but modest in comparison to the chalenge of assessng the opportunity cost of cgpitd in many
deve oping countries. Thismay explain why the production function will probably have to bethe preferred option
for efficiency measures for developing countries. The main difficulty for labor inputsis obtaining a disaggregetion
digtinguishing white and blue collars and/or permanent and temporary employees. Capita inputswill generaly be
themogt difficult oneto assess, in particular in the context of acost function. Thephysica inputsor their monetary
vauations will often provide good approximations. Intermediate inputs tends to be a residual category. Other
factorsinclude anything that the analyst thinks may be relevant to the port activity level. Thisincludesof courseits
ownership (public vs. private) ininternational comparisonsand in some countries. It canasoindudemarket Sze(in
Mexico, the East and West coast markets are different) and the port size, if the dataavail able do not alow to build
in economies of scale carefully enough. Findly, atimetrend will often haveto betested in most of these modelsto
pick up any technologica change.
4. MEASURING THE EFFICIENCY EFFECTS OF MEXICO’'S PORT REFORM

This section summarizesthe major steps needed to generate the efficiency measures. It coversasomewhat
detailed discussion of the data because it turnsout that the limitationsto theimplementation of standard efficiency
measurement technique is sgnificantly driven by deta restrictions.

(a) The general focus of the efficiency measure and the available data

While the reform was decided in 1993 and the bulk of its implementation took most of 1994, the new
autonomous A PIs needed another couple of yearsto put together a reasonable monitoring system demanded by
the Transport Subscretariat. The dataavailable are annua and span over four years, from1996 to 1999, and only

covering the 13 APIs (the main ones). This provides apand of data of 52 observations which islarge enough to



rely on parametric methods and in particular on a production frontier. The limited coverage is good enough to
dlow afair assessment of the continued progress and efforts made by the APIsto meet the mandate assigned by
the reformers. It is aso good enough to dlow an assessment of the evolution of the relative performance of the
main APIs.

The APIscovered by the study are those under federal responsbility: Ensenada, Guaymas, Topol obampo,
Mazatlan, Manzanillo, Lazaro Cardenas and Sdlina Cruz, on the Peacific coast of Mexico and Altamira, Tampico,
Tuxpan, Veracruz, Coatzacoal cos and Progreso, on the Atlantic coast.”® Exduding oil and its derivatives, these
APIshandle 70% of thetraffic going through the Mexican port system. Thisissgnificant. Among the largest ports,
themain ones missing are Puerto Madero, Puerto Valartaand Acapul co dueto lack of enough comparable data.
Puerto Madero was closed for anumber of years while under repair. Puerto Vallartais mostly atourist port and
has very little cargo. Acapulco, aso a mostly passenger oriented port, has the only API privatized so far (Snce
1997). Since Mexican law preventsthe regulator from requesting any cost information, that could also be used by
thefiscd authoritiesfrom any tax payer, no data are available on that API. Therest of the ports are generdly too
smdl to dlocate mgor resources to meet detailed regulatory informationa requirements and furthermoretend to
belong to the subnationa governments which do not impaose the same informationa requirements. In the last
specifications of the mode, we withdrew from the sample of ports SdlinaCruz and Lazaro Cardenas. Thiswas
done because they arethe largest one (and one of them isfully specidized) and several econometric tests suggest
that they do not fit well into the technology assumed for the rest of the ports. Ultimately, our production frontier is
estimated based on the performance of 11 ports over the four year period.

Since the ports are subject to a price cap and their interactions are designed to be competitive, it would

make sense to construct both cost and production efficiency measuresto identify possblerentsfrom acomparison



of cost and production efficiency in preparation for the revison of maximum tariff alowed. The econometric
techniques available so far however do not dlow yet much inference from acomparison of the efficiency etimated
from cost and production functions™ While an estimation of both the production and cost frontier through
stochastic models should, in principle, dlow for caculation of technica and dlocative efficiency from different but
related information bases, the redlity isthat such comparisons are till dmost impossible to conduct in any robust
way.

Inview of the datarestriction on the cost Sde, the andysis of the efficiency effect of thereformsisbased on
aproduction frontier.® A production frontier assumesan output maximization rather then acost minimization effort.
This may a reasonable assumption when focusing on the promotion of competition but may not be the most
desrable onein view of the fact that the regulated tariffs are under a price cap regimewith the explicit purpose of
promoting cost reductions. The fact that market shares are aclear concern for APIS managers and that most of
theinitid investment decisonsweretaken for them as part of the restructuring process suggests thet the production
orientation isoveral areasonable one. Indeed, the efficiency measures generated from the production frontierina
sector with scale economies provide information on the opportunitiesfor expansion of outputsfor agiven quantity
of inputs, for agiven leve of costs™

The production variable reflecting the output of the infrastructure can be gpproximated by the volume of
merchandise handled (in tons) in each API. Thisisclearly asecond best. Idedlly, it would have been desirableto
address the multi- product nature of the APIS activities through a disaggregation of the various types of cargoes
handled and through the explicit recognition that APIs dso provide other services such equipment rentd,
commercid building and space rental, water servicesto the ships, etc. While these activities confirm the multi-

product nature of the APIS activities, the dataon these other activities are unfortunately not availablefor each port



for the period covered. Thisiswhy we assume asingle output activity which focusesonthe APIS main activity: the
operation of an infrastructure which supports the loading and unloading of merchandise and takes the resulting
volume of merchandise handled as an approximation of each APIS production.

The production function builds on two inputs: labor and capital. Labor is measured by the number of
workersin each API.* The capital input is approximated by the length of docks concessioned by the government
to the API. Table 2 summarizes the main datigtics and illustrates the diversity of Mexican ports.

Table 2
(b) The specific model

The production frontier estimated is designed to get the best possible assessment of the sector’ s potentia
efficiency gains during the period of observation and the average position of each port with respect to these gains.
Thisisimportant for the regulator sinceit needsto decide by how much the maximum port tariff can be cut ineach
port to redistribute efficiency gains achieved since the reform to port users. The modd must thus be ableto alow
the regulator to track down the average evolution of efficiency in the sector but also to track down over time, as
effectively as possble, the absolute and reative efficiency ranking of a pand of ports to identify outliers—i.e.
systematic laggards or leaders. The estimation of the modd is allowed by the access to a pand of data which
covers a four year period—1996-1999 — that follows a two year implementation period which should have
dready built inthefrontier shift thesereformstend to introduce. In other words, catch up isthe expected outcome
measure to come from this sample rather than technologica progress at this stage of the reforms.

Following the literature in the fidld, we tested two functiona forms for a stochastic production function, a
Cobb-Douglas and a Trandog. The esimates are based on the maximum likelihood method relying on the

FRONTIER package, verson 4.1. The specific functiona formd tested are the following:
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where: the varidbles are dl deviations from the geometric mean and defined as follows:
i=1,..Nadt=1,.,M

Q: isthe volume of merchandise handled in port i during period t,

Kit isthe capital used by port i in period t as defined in the text,

L;; isthe number of workers employed in port i in period t,

t isatimetrend, and

Vit is the random error assumed to beiid distributed as anormal N(0,s 2,) and independently distributed from u
which is a non negative random variable associated with technica inefficiency and supposed to be distributed

independently as a half-norma N(0, s ).

Since the specification of the residual can in fact take various forms, we need atest to chose between the

various models. This can be done through aratio of likelihood test which works as follows:
LR =-2{In[L(H,)]- In[L(H, )} )

where L(Ho) and L(H,) arethe value of the likdihood function under the null assumption (Ho) and the dternative
(Hy), respectively. If Hy is correct, this statistic LRis distributed as ac? with asmany degree of freedom asthere
are regtrictions imposed.

Applied to the specification of the didtribution of the inefficiency term, the tests leads to accept the
assumption of asemi-normal. *° Thisis consistent with the standard practicein theliteraturewhich is characterized

by the adoption of flexible functional forms (Stevenson 1980 y Greene, 1990).



(o) The statistical results

Table 3 presents the results of amaximum likelihood estimate of the frontier under these assumptions for
three different mode specifications. a trandog without technologica change, and Cobb-Douglas  without
technologica change. The most dtriking result from Table 4 isgiven by thelikelihood function expressed interms of
the two variance parameters, g = s 2/s % +s 2, as suggested by Battesse and Corra (1977). In every modd, the
parameter g hasavauenot sgnificantly different from one. Thissuggeststhat most of thefluctuationsintheresidud
term is due to inefficiency (U;) and that the random error (V) is approximatively zero. This implies thet the
sochadtic frontier is not sgnificantly different from a determinidtic frontier for these ports during this period. A
reasonable explanation may be that the reforms have sgnificantly leveled the playing fidd and that at least in the
short run, except for inefficiency, there is not much scope for randomness in the system. Considering that the
reformers adjusted employment and made most of the investment necessary aspart of the reform implementation
that preceded immediately the period of estimation, determinism seemsto be acceptable intuitively.

Table3

Inaddition, the analysis of thesgnificance of the coefficientsreported in Table 3 provides useful ingghts. The
coefficients for the capital and labor factors for the functiona forms estimated, trand og and Cobb-Douglas, are
sgnificant and have the exepected signs but the other coefficients for the trandog are not Sgnificant. Since we
estimated the trand og as an gpproximation to an unknown form, the first order coefficients are the eadticities of
production at the expansion point and the other coefficients arelessimportant. To be as complete as possiblewe
aso need to compare the relative vaidity of the various specifications. Thisis achieved through likelihood retios

tests reported in Table 4.



Table4

Table 4 summarizes the various redtrictions tested on each modd, the test value calculated and the
correponding critical vaue of the ¢? distribution at 5% of significance. The last column specifies the decision
revealed by the test on each set of parameters restrictions. The first test checks for the presence or absence of
technica inefficiency in the port indudtry. If thereisno such inefficiency, U;; could be diminated from themodd and
it could be estimated through Ordinary Least Squares (OLS).” This corresponds to atest of Ho: g=0. The
datistical vaue 8.34 islarger than the critical vaue and hence the assumption is rgjected, meaning that technica
inefficiency must beincluded. The second test suggeststhat we cannot reject the assumption that a Cobb- Douglas
isat least asgood as atrand og arepresentation of the production technology of the Mexican port system. Thisis
because the cal culated test value (7.38) islower than the critical vaue (7.81). Inspite of thisstatiscd indifference
between the two specifications, we adopt the trand og to generate the specific results discussed next. It turns out

that this does not change the ranking of portsin any way but provides us with a more flexible form.

(d) The efficiency scores
With the gatigtica results settled, we can now assessthe technical efficiency of each port in eech year. The
results reported are based on the trandog production function specified earlier. The annuad estimates and their
averagefor each port and for the port system asawhole arereported in Table 5. The averagetechnical efficiency
of the Mexican ports for the period is 50.5% when the outlier Ensenada isincluded.'® Thisiswithin the order of
meagnitude of other estimatesin the sector as seenin Table 1. The average without Ensenadaiis even higher. The

variance across ports is however generdly quite high. It varies from 6.9% in Ensenada in 1996 and 100% in



Tuxpan inthe sameyear. From an overdl policy viewpoint, theresults confirm that the expected gainsfrom reform
are becoming redlity.
Table5
During that period, the annual averagetechnica efficiency increased from 49.5% in 1996 to 54.5% in 1999.
Ignoring the clear outlier, Ensenada, the efficiency level reaches 58.5%1n 1999. Thelast row of thetable gives
the annua growth rate for the period under observation (the accumulated rate of change obtained from a
comparison of the beginning and end of period efficiency leve). Thelast row showsthat someportslost ground to
thefrontier over the period. With the exception of Topolobampo and Tampico for whichthelossislarger, therest
may smply reflect a demand shock.

The average annua growth rate should aso be useful to the regulator in that it gives an educated guesson
therange of average efficiency gainsthe ports should have been ableto achieve over the period. Thiscan be used
to specify thereduction in price cap to be dlowed for the next regulatory period of five years. In other words, the
average annud efficiency gainsin the sector was around 2.8- 3.3% sincethereform. Thisisquite sgnificant. Any
port which did not achieve that should provide agood judtification in order not to see its maximum tariffs cut by
that much.™

From the viewpoint of apolicymaker, thereis, of course, alot of information underlying these resultswhich
can explain good or bad performances and which the regulator should be aware of . For instance, it may bethat a
port only started handling containersin 1999 or that othersare handling afair load of passenger traffic whichisnot
recognized by the gpproach adopted here. It isclear that thisisreevant information, but theimposition of amethod
such as this one to assess the joint effect of the various production factorsto dl regulated firms, has one mgor

advantage for aregulaior who know he/sheis only likely to have partid information on the firmsit isisregulating.



By coming up with anumber based on relatively modest information, the regulator placesthe burden of proof for
any wrongdoing or for any explanation on the shoulders of the APIs.

Up to now, in Mexico, asin most other countries, the portsregulators, asmost other regulators, havebeen
follower rather than leaders when it came to quantifying such akey regulatory varidble asefficiency. Coming up
with amethodol ogy which generates acomparabl e figure across ports placesthe regulator in the driver seat of the
regulatory process. With this kind of information which is much more robugt than partia performanceindicators
would be, aregulator ask the regul ated firm for comparabl e evidence on the efficiency performance of the port and

have a default implementable aternative in case the regulated firm is not providing a satisfactory feedback.
(e) Towardsyardstick competition in the port sector

The frontiers as estimated here have just as many advantages and disadvantages as many of the other
indruments regulators must rely on—asset vauation for ingtance is one of the key jobs of any regulator and isat
least as controversid as efficiency measurement in the context of regulated industries. The disadvantages are
obvious once aregulator triesto put together a database from scratch and starts having to make assumptions for
amost every input and even for the number of outputs you can take into account. But for most practitioners, in
particular in countries in which governance (i.e. corruption) is an issue, the trangparency of the information
gathering process and of the estimation rules selected here alows an increased accountability for al parties
involved and better fairness in regulatory decisons. In particular, it alows a reasonable ranking of ports. This
ranking of efficiency scoresis likely to be more robust than the specific efficiency esimates and this makes this
ingrument useful for week forms of yardstick competition even for those policymakers with concern for the
specific efficiency scores.

By way of illugtration, Table 6 provides aranking of the four best and four worst Mexican performersin



terms of efficiency levels every year in an effort to reved some performance patternsin technica efficiency—the
regulator could dso look into the ranking in terms of efficiency changesjust discussed asacomplement. Giventhis
gpproach to ranking and given the methodol ogy adopted to estimate efficiency, thereis no doubt that Manzanillo
and Tuxpan are the only ports consstently among the best performers and Veracruz hasjoined them for the last
two years. At the other extreme, theworst performersincluded Ensenadaand Mazatlan. Altamirahas managed to
pull out of that group in 1998. It turns out that in this case, there are good explanations for the poor ranking of

some of the ports. For instance, for three of these worst ports, the poor ranking can be explained by the fact that
they are handling dso alot of passenger traffic. But thisdoes not |eadsto argection of the new regulatory process
proposed here, it Smply meansthat the regulator would probably have to get into more detailsin the discussion of
the ranking than the obvious comments made here.

Table6
Once more, it may be useful to make it clear that the process as described is intentionaly smple as an

illugration of the potentid use of robust rankings emerging from efficiency calaculations. The regulators could
decide to zoom only on the top and bottom three or to the contrary on the top and bottom five. They should
probably discussthe preferred methodol ogy with theregulated firmsin transparent public hearings Thiscould leed
them to decide that data envel op andlysis or distance functions are more appropriate for this sector because they
can ded with multiple outputs. Indeed, since the production level is gpproximated by the volume of merchandise
handled, we saw that the characterigtics of some ports may have pendized them more than the others. In the
example covered here, Coatzacoa cos only restarted container manipulation in 1999, while Ensenada—inaddtion
to suffering from its proximity to the US ports—and Mazatlan should aso have received more credit for ther

important handling of passenger traffic which is not dlowed by the single output assumption of the production



function estimated.

The fact is that within their short-term data constraints, regulators have many choices and must make
decisons--idedly in consultation with the regul ated operators. Once taken, these decisions define the rules of the
game for interactions between the various actors. As these games rules are set, competition to beon the top and
reduce the risk of detailed audits for being an underperformer can become effective. The desire to sustain
competition in the sector depends on the ability to create the right incentives. Comparative efficiency measures,
however they are generated, can helpin ports, just likethey helped in water or eectricity inthe UK and Audtrdia
for ingance. Theilludtration covered in this paper suggeststhat it should aso be possibleto do it in adeveloping
country context.

5. CONCLUDING COMMENTS

There are three main conclusionsto the paper. Thefirgt isthat Mexico’ s experience suggest that reformsin
the management of port infrastructure which promote its autonomous management in each port in a competitive
environment —achieved here through decentralization—can generate large short termimprovementsinthe average
performance of the sector without privatization of thisinfrastructure—only serviceswere privatized. Theaverage
annua growth rateinthe Mexican portsefficiency was 2.8- 3.3%. Thisadds up to an dmost 5% point increasein
the average efficiency level over afour years period which startstwo years after the reform were implemented.
Thisis quite relevant for Latin America where port reform has been started by about every country with a coast
line but where competition within or between ports has not been built-in the overdl design of thereforms—with a
few exceptions, most notably Argentina, Colombia, Mexico and Panama. °

Second, the assessment of the port specific efficiency gains achieved is aso important for any regulator

mandated to pass on the gainsfrom reform to the port users. The gpproach and the results discussed here can thus



comein handy in the context of atariff revison sncethey provide awdl informed indication of alower bound for
what efficiency gains over any period of time can be.

Third, the andyticaly sound performance rankings alowed by these port specific efficiency measures can
help in promoting yardstick competition inthe sector. Thisinturniscrucia to ensurethat whetever short term gains
are achieved from reform can be sustained and reinforced over the longer run. While not perfect and certainly
restricted by the availability of data, thisranking is superior to the one that would emerge from aranking based on
partid productivity indicatorswhich alow easy manipulaionsof ranksthrough smplebiasesin the selection of the
performance indicators. The approach suggested here accounts for the joint effects of al inputs on outputs and
reduces the odds of getting inconsstent rankings based on different arbitrary choices of partid indicators.

Ultimately, it may be worth pointing out that the main long run benefits of the more encompassing approach
to measuring performance proposed here may depend less from its use to promote yardstick competition than
from the increased accountability for performance. Indeed, governance issues are typicaly the main result from
lack of information in infrastructure sectors and this tends to be the norm with a strong cost incidence on al
infrastructure service users. The generation of the information needed to dlow the sustainability of effective

competition iswhat eventudly will guarantee the sustainability of the gains achieved through any port reform.
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! Argentina, Colombia, Panamaand Mexico are the forefront of reforms, Chile, Brazil, Peru, and Venezuelaare all in the process
of concessioning their common user ports were and Costa Rica, Ecuador, Uruguay, and Guatemala are following closely in
increasing private sector participation in the operations of their ports (Hoffmann, 2001).

2 In countries with multiple ports, this requires their decentralization and an increase in their autonomy to promote inter-port
competition within the country—the strategy adopted by Mexico. In smaller countries, this requires international comparisons-
which are often more difficult to implement because of the difficulties of comparing pricesinternationally.

% See Trujillo and Nombela (2000) for alonger review of theinternational experience with port reform.

* Facilities located outside port areas, as defined by the government, dedicated to port operations.

® The sale of these shares doesin fact not imply that the shareholder own the port since the APIs only receive the ports
assets in concesion which may explain the lack of success of thislast phase of the reform.

® For arecent overview of the literature see Campos, Estache and Trujillo (2001). For amore rigorous survey see, Codlli, Rao and
Battese (1998). For a survey targeted to infrastructure regulators, see Coelli, Estache, Perelman and Trujillo (2001).
"Itincludes papers by Neufville and Tsunokawa (1981), Suykens (1982), Kim and Sachis (1986) providing smple productivity
assessments. The role of investment has been studied by Shneerson (1981) and planning by Bobrovitch (1982), Shneerson (1983)
or Goodman (1984).

8 S0 does Tongzon but because the two outputs case yields unrealistic results, he ends up focusing on a single output.

% Most of the definitions of the variablesin this paper are quite complex to implement and may reflect characteristics specific to
the way the annual report is presented in Spain by port authorities.

“We also have a version of themodel including all 13 APIsbut theinclusion of the two largest one, Lazaro Cardenas and Salinas
Cruz yields somewhat lessreliable statistical results, reflecting the fact their significant differences from the otherswhich seem to
be more homogoneousin size.

! See Coslli, Estache, Perelman, and Trujillo (2002).

25 Mexico, thelack of atradition of regulatory accounting is also asource of concern for the confidence that can be attached to

cost data and the estimation of a cost function.



3 Under constant returnsto scale, theresults are quite different: Instead of increasing production x%, the firm could get the same
output by cutting inputs by 1/x% and the corresponding change in costs can be cal culated immediately when factor prices are
known.

1% This number excludes all workers allocated to loadi ng and unloading of ships since that activity isnot being measured in this
production function. Thisis an issue only for the four APIs providing merchandise handling e.g. Topolobampo, Guaymas,

Mazatlan and Salina Cruz.

1 Theterm —U;,cannot be observed in practice. Since the frontier has been estimated, the only thing observable isthe difference
v;-U;, the only solution isto rely on a predictor of thisterm. The best oneisthe expected value of v; conditionedtothevaueof v-
u;. When the models includes explanatory variables for the efficiency of ports, it becomesaN(m, s,?), where m=zd andzisthe
vector of al variables which could influence the efficiency of ports and dis avector of parameters to estimate in the modes
including explanatory variables for port inefficiency.

' In this test the Null Assumption ( (H,) refersto the specification of a semi-normal distribution for theinefficiency term (U) and
the Alternative Assumption (H,) refersto the consideration of anormal distribution truncated to zero for thisinefficiency term.

Y \When Ho:g=0isright, the production function is equivalent to aregular average response function and OL S estimates will yield

efficient estimates.

18 Ensenadais somewhat of an outlier because it was a fishi ng port until the early 1990s and is only progressively starting to
handle containers for less than 10 years. In fact most of its recent growth seemsto be coming from passenger ferries.

9 Taki ng the specific figuresin every cell of Table 5 for granted would not be a good move for any regulator. Minor changesin

the specification of the model could change some of them even if they do not change the ranking or the overall trend.

% See Hoffmann (2001)
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Table 1. A survey of theliterature on efficiency measuresin the ports sector

Author Data (1) Model (2) Functional Form Variables (3) Estimatio Efficiency concept Efficiency
n Method measur e (5)
&)
Liu Panel SPF Translog Y1 (Xy, X2, 24, 2,5, 23,24, Model 11 Technical efficiency 1983-1990
(1995) 28 UK ports Neutral and non neutral  T) OLS,ML Mod 1 (ML): 78.0
1983-1990 Technological change Model 22 Mod 2 (GLS): 76.9
Within, Mod 2 (ML): 68.3
GLS, ML  Mod 2 (ML, with T): 69.7
Coto, Baflosand Panel CF Translog TCy (Yo, Wy, Wy, W, Within Economic efficiency 1985-1989
Rodriguez 27 Spanish ports Non neutral T) Maximum: 100
(2000) 1985-1989 Technological change Minimum 11
Average 33
Bafios, Cotoand  Panel SCF Translog VCq (Yo, W1, Wi, Wy, Instrument Technical efficiency 1985-1997
Rodriguez 27 Spanish ports DF Neutral Ws, T) a Distance function
(1999) 1985-1997 Technological change D (Yo, X1, X3, X4, X5, T) Vaiables Maximum: 100
Minimum 15
Average 41
Roll and Hayuth  Cross Section DEA Not applicable Yo, Y1, Yo, Y3, Yy, Xy, Not Average Medium 1993
(1993) Hypothetical Xy, Xg relevant Efficiency 78.2
data Total ports: 934
Portsregion 1 and 2 86.1
Martinez, Diaz, Panel DEA Not applicable Yo, Y1, X1, X5, X3 Not Average global 1993-1997
Navarro and 26 Spanish ports relevant efficiency 88.7
Ravelo 1993-1997 Group I3, 11 and 111 80.1
(1999) 85.7
Tongzon (2001) Cross Section DEA Not applicable Yo, X1, X2, X3, X4, X5,Z; Not Average efficiency if: 1996
16 ports Tests: Delay time relevant Constant return to 59.5
1996 Constant returns to scale scale 93.1
Variable returns to scale Variable return to
scale

(2): To indicate sample size
(2): SPF: Stochastic production frontier; SCF: Stochastic cost frontier; DF: Distance function; DEA: DataEnvelopment Analysis
(3): TC: Total cost
VC: Variable cost
D: Distancia
Yo: Production (tons of merchandise or TEUs handled ); Y.: Production (billing for services) ; Y2: Service level (number of containers mov ed/hour); Ya: User
satisfaction; Ya: N° of ships arrivals
Xy: Labor input; Xz: Capital input; Xs: Intermediate inputs; Xs: Variable capital input; Xs: Quasi fixed capital input;
W : labor price; W2 capital price; Wa: intermediate input price; W.: variable capital price; Ws: quas fixed capital price
T: time trend; Z;: port sizeterminal area; Z»: port location; Zs: port ownership;  Z,: capital intensity
(4) OLS: ordinary least squares, ML: maximum likelihood; GLS: generalized least squares
(5): Measured in %; and in some cases calculated by the authors based on published results.

Xe: Uniformity of merchandise

Table2: Summary statisticsfor Mexico'smain APIs

Variable Average Maximum Minimum
Production (tons) 5,265,930.07 12,487,349 719,459
Labor input (workers) 69.61 226 13




Table 3. Maximum likelihood estimates of the stochastic frontiers

Coefficient Translog Cobb-Douglas
(no technological change) (no technological change)
Constant 16.209 16.189
(125.997) (204.887)
Ln (K) 0.265 0.191
(2.665) (3.256)
Ln(L) 0.375 0.406
(5.800) (7.078)
Ln (K)? -0.761
(-1.441)
Ln(L)? 0.105
(0.486)
Ln(K)Ln (L) -0.283
(-1.291)
s2 (*) 0.736 0.771
(6.987) (3.503)
a(*) 0.999 0.999
(561527.1) (35.774)
Log likeihood -34.783 -38.468
funcion
Note: Thet statistic is given in parenthesis below the corresponding
coefficient.
(*) 8% = sA+s%;, g= s%/s%+s%, (Battesse and Corra, 1977)
Table 4. Likelihood-ratio tests of the various specifications of the frontier
Restrictions Modds Log Likelihood Critical value Decision
€ likelihood ratio test c?(5%)
function
1.Translog -34.78
(no technological change)
o0 2.Trandog (OLS) -38.95 834 27102 Reject
(no technical inefficiency)
bs=b,=bs=0 3. Cobb-Douglas -3847 7.38 7.81 Not reject

(no technological change)

(1) The models 3 and 2 (Ho) are compared to the model 1 (H1)
(2) Kodde and Palm (1986)



Table 5. Evolution of the port specific technical efficiency (in %)

Y ear Ens Gua Top Maz Man Alt Tam Tux Ve Coa Pro Aveage Aveage

without with
Ensenada Ensenada
1996 69 546 610 178 804 219 86 1000 680 230 227 538 495
1997 84 546 403 417 673 330 619 8.0 437 436 233 494 45.7
1998 99 567 397 415 771 460 672 989 574 552 263 56.6 524
1999 143 525 36O 308 775 512 567 938 606 450 722 585 545
Average 99 H546 443 3H2 76 3380 686 A4 575 417 361 54.6 50.5
efficiency
leve
Average 275 -13 -161 308 -12 327 -138 -21 38 251 471 2.8 3.3
annual
growth rate

Note: Ens. Ensenada; Gua: Guaymas; Top: Topolobampo; Maz: Mazatlan; Man: Manzanillo; Alt: Altamira; Tam: Tampico; Tux: Tuxpan;
Ver: Veracruz; Coa: Coatzacoalcos; Pro: Progreso.

Table 6. Ranking of technical efficiency®

Year Maximum Minimum

1996 Tuxpan, Tampico, Manzanillo, Veracruz Ensenada, Mazatlan, Altamira, Progreso
1997 Tuxpan, Manzanillo, Tampico, Guaymas Ensenada, Progreso, Altamira, Topolobampo
1998 Tuxpan, Manzanillo, Tampico,V eracruz Ensenada, Progreso, Topolobampo, Mazatlan
1999 Tuxpan, Manzanillo,Progreso, Veracruz Ensenada, Topol obampo,

M azatl &n,Coatzacoal cos
1 The ranking that would have obtained from a smple analysis of labor productivity would not have implied a maor change with a significant exception. Veracruz
which according to the technical efficiency measure is one of the best performing port would have fared quite poorly. Indeed, its labor productivity is one of the
poorest in the country. The port handles 13% of the output with 26% of the total of workers, 7% of the capital and 12% of total intermediateinputs Smilaly, the
analysis of capital productivity also coincides somewhat with the technica efficiency ranking but also shows a few exception. Capital productivity indicators
overestimate the ranking of Guaymas while they underestimate the ranking Tampico and Topolobampo.

Note: For the mazimum, the ranking starts with the most efficient and ends with the least efficient among the top performers; for the minimum, it starts with the
least effiicient and ends with the most efficient among the worst performers.



