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ABSTRACT

This paper shows how relatively standard methodologies can help measure the dficiency gains from reform in the
organization of ports infrastructures. It al'so shows how these measures can be used to promote competition between
ports and be built-in incentive driven regulation. The illustration is based on a study of the effects of the 1993 Port
reform in Mexico and isthefirst efficiency analysis of port restructuring in a developing country. It coversthe 1996-
1999 period and relies on a stochastic production frontier. It shows that, overall, Mexico has achieved 6-8% annual
efficiency gains in the use of ports infrastructure since assigning their management to independent decentralized
operators. The evolution of the relative performance rating isa so quite revealing asit identifies consistent sets of leaders
and laggards, including some which would not have been identified by partial productivity indicators commonly used in
the sector.

1. Introduction

Ports are one of the key componentsof thelogistics chain and, thisiswhy the desireto cut costsin the sector is
becoming amainstream component of most trangport policy reforms. The most common instrument relied onisthe
introduction of some type of competition to simulate efficiency. To achieve competition in ports, there are two
main gpproaches. Thefird isex-ante competition and relies on the auction of theright to operatethe port orinthe
port. The second isex-post competition between ports and stlems from the assessment of the relative and absolute
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 aparticularly representative
and interesting case study.

A common fegturein post-reform monitoring isthefocuson partia productivity indicatorssuch aswalting
time, labor productivity, use of capacity. These partid indicators are al useful but they can be quite mideading
since they do not necessarily generate the sameranking 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
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® 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 requiresinternational comparisons-
which are often more difficult to implement because of the difficulties of comparing pricesinternationally.




mechanismswhich require some explicit cons stent estimates of efficiency gains. The measurement of the absolute
performance semming from thejoint of effectsof al inputson outputsis needed for therevison of the price caps
adopted by Mexico--another common feature in port reform—and should be should be and ytical—i.e. modd or
formula driven. These absolute performance measures could also be combined to generate rel ative performance
assessments and promote inter-port competition.

With thisbackground, the specific focus of the paper istwofold. First, we show that eveninaset up with
limited data availability we could assess through the estimation of a production frontier the efficiency gains
achieved ance Mexico introduced itsreforms.Wed so discuss how the measure of these gainscould beusedinthe
context of a port tariff revison. Our results could indeed be helpful to regulatorsintherevison of the price caps
under which it regulatesits portsto share some of the gainswith the users and give stronger incentive to improve
efficiency to the poorest performers. Second, we show why efficiency measurements generated from production
frontiers have the seeds of what could become a standard instrument to promote ex- post competition and forma
yardstick competition in the sector.

The paper is organized as follows. Section 2 presents the recent reforms in the Mexican port system.
Section 3 summarizesthe main results availablein the literature. Section 4 discusses the methodol ogy followed to
ase=ss the efficiency effects of the reform in Mexico and the results of the anadyss. Section 5 offers some
concluding thoughts.

2. TheReform of the Mexican ports

Thereform of the Mexican port system started in 1993 and followed a pattern smilar to that of many other
reforming countries. In Mexico, as in mogt countries, the port syslem was until then managed centrdly by a
network of public firms. This section describes the Mexican port sysem and its reform, emphasizing the
inditutiona framework resulting from the changes and the facts that are most relevant to the assessment of
improvements in performance.

2.1. Market Structure

Mexico is supported by alarge 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 facilities are located on the
Pecific coast, and the other haf on the Mexican Gulf and the Caribbean. There are 39 ports dedicated to
commercid activities, and approximatdy a Ssmilar number are fishing ports, 22 ports are specidized in tourist
traffics, and 8 are gpecidized in il traffic. This system handles 85% of totd internationd trade, and morethan 7
million passengers

Thecoreof thetrafficishowever extremey concentrated. Most goesthrough 27 commercid, industrid and
tourist ports, and 10 terminas specidized in oil and minerd ores’ traffics. In 1999, the main 8 portshandled 71%
of total cargoes, four of them in the Atlantic coast and the other four on the Pacific. However, if oil is excluded,
basicdly hdf of tota movements of cargo are performed by 5 ports: Veracruz, Tampico and Altamiraon the Guif

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



of Mexico; and Manzanillo and Lézaro Cardenas on the Pacific Side.

Totd movement of cargo by Mexican portsincreased from 169 million tonsin 1990 to 248 millionin 1999
Passengers' traffic has doubled during the same period, while container traffic has multiplied by three. Themain
cargo typesare oil anditsderivatives, with ashare of 62%, followed by minerd oreswhich amounts 23% of totd
tons handled by Mexican ports. General cargo, including both bulk and containerized goods, represents 8.5% of
total tons. The percentage of goods transported in containers over total genera cargo (containerization index)
exhibits very low vaues—36% in 1999— compared to international standards—but itisimproving. From thetotd
TEUshandled by the port system, the portsof Manzanillo and Veracruz moved about 70%. Thesetwo portshave
the more modern container termina s of the country, and thereforether productivity and efficiency are expected to
be higher for than other ports.

2.2. Restructuring and privatization

Modernization and reform of Mexican portsstarted in 1993. Aspart of the strategy used to reform the port
system, two type of actionswerefollowed. First, an adequate lega framework was needed to dlow 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 threekey instruments: decentraization, privatization and introduction of competition
in the port system.

Decentralization impliesthat each port must have an autonomous, self-finandng Port Administration, so
that the government will have only asupervisory role over the system; it was pursued by creating independent Port
Adminigrations (Administraciones Portuarias Integrales, APIs) a each port or group of smal ports, whichare
publicly owned companiesto which theadminigtration of portswasdirectly granted. Thus, for examplethe API of
theVeracruz port islegaly established asacompany whose shares are owned 99.8% by thefedera government,
and 0.2% by the development bank BANOBRAS. The board of the APIsmust include representativesfrom the
States and municipalities, and some from the private sector. The APIswere granted therights over the port assets,
and authorized to grant themsel ves concessions over those same assets to privatefirms, but making it clear that in
no case those assetswill be permanently transferred to the private sector. APIs pay compensationsto the federal
government for the use of assats publicly owned. Thefedera government, through Secretaria de Comunicaddny
Transporte (SCT), keepstherole 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.

Privatization implies that the port industry must be open to the participation of private investors, both
nationalsand foreign, for the operation of terminals and other facilities, and eventualy even the port adminigtration.
In dmost every port, private participation has now been introduced through auctions for concesson 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 qudified. APIs are expetced to
eventudly be sold to the private sector. Private participation hasinduced significant changesinthe port industry, in
termsof investmentsoninfrastructure, and improvementsin qudity of serviceand tariffs. Thus, totd investmentsin
equipment and new terminas was around 6,000 million pesos between 1995-1998, 60% of which was private
investment. Investmentsin infrastructure and equipment have dready generated substantial cgpacity increasesfor



the Mexican port system. In 1993, the estimated installed capecity alowed to handle 59 million tonsof commadd
cargo. However, ports only moved 24 million tons. The reformsfurther increased this capacity to over 90 million
tons by the end of the 1999 but aso increased utilization to over 55 million tons.

Liberalization and Competition, between ports and between operatorswithin ports, resulted from some
redtrictionin the auctionsfor concessonsand required liberdization of tariffsand eimination of cross-subsdiesand
barriers to entry. First, according to norms on competition, al request by private firmsto participate in public
auctionsto obtain concessionsover port assetswere eva uated by the competition agency, CFC, to avoid risks of
excessve market power after privatization. In practice, thisobligation did not impose arelevant restriction over the
outcomes, Since most gpplicantswere authorized to participate without reservations. However, animportant ruling
was the initid redtriction for firms not to win more than one concesson on each coast (Pacific, Atlantic). This
geographical redriction was later modified, and now the only redtriction is that a firm must not gain a rdevant
position in the relevant market (this was applied, for example, for the tourist cruise markets).

Second, port tariffs have been generaly liberdized. Regulation is only used in those cases where it is
congdered that there is not enough competition between operators. The Ports Law establishes that the Federd
Commisson of Competition (the Mexican anti-trust ingtitution) is to examine these questions and to determine
when tariff regulation is or is not required. Port tariffs charged by APIs to ships for the use of common
infrastructures are subject to price caps. Thelimits approximate the long-run margina cost of each port- - operaing
and investment cogs--and therefore, limits and hence tariffs are different for each port but closeto the level that
would result from competition. To promote incentives for cost reductions and innovation, the limits are to be
revised every five yearsto reflect any efficiency gainsthat 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, thus dlowing firms to negotiate with their workers according to loca and business conditions. Asa
result, the number of port workersemployed by the public sector has been reduced, but total port employment by
private firmsisrisang, due to an increase in the activity of ports. For example, the port of Manzanillo had 2,100
workersbeforethereform, and at theend of 1997 the number had doubled. InVeracruz, with aninitial number of
6,647 employees, the increased was not so spectacular in relative terms, but it had aso risen to 8,260.

Decentraization 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 aslandiordssince
the Ports Law precludes them generaly to act as port operators and requiresthem to contract with third parties.
However, thereare not full port authorities, sncethat roleislegaly attributed to SCT. The main 16 ports created
APIs accountable to the federd government mostly. Additiondly, 5 ports have APIs which are controlled by
State governments, al these are specidized ports (tourism, fishing) or attend smdl locad markets. Thereisonly a
private AP, inthe port of Acapulco, specidized ontourigts traffic. Both the5 State-controlled APIsand the one
of Acgpulco share the characteritic that the API is aso the operator of port services, due to the smal sze of
ports, or to their specidization. Thelast phase consdered for the process of ports reformisthetransfer of APIs
to the private sector, by sdlling their sharesto investors. Thereis currently only one private APl (Acapulco), and
two ports are in the process of privatization (Topolobambo and Guaymas). There are no established dates or
conditions for privatizing the port adminidration of the main ports of the country.

Ovedl, themost relevant fact emerging from thisbrief overview isthat Mexico wants competition betweenits
ports asaway of improving the competitiveness of these ports. To achieve thisgod and to make the most of the
regulatory toolsthe reform has granted to its regulator, Mexico needsto be able to measure the improvementsin
efficiency in each port in absolute and relative terms. It needs an absolute measure because the limits to the



regulated tariff will have to reflect every five years the average efficiency gains achieved. It needs a relative
measure because the spirit of the reform requires competition to be sustained asamatter of processand thet this,
inturn, requiresaregular assessment of the relative performance of the main ports, therefore creating thebasisof a
system of yardstick competition. It turns out thet five years have just passed since the beginning of the reform and
that enough dataisavailableto makeafair assessment of absolute and rd ative efficiency improvementsintheman
Mexican ports.

3. Abrief survey of efficiency measuresin the port sector

Theefficiency literature on ports performanceisrdatively modest in comparison to the efficiency literature
available on other infrastructureactivities. It isevolving however and can be dassified into two main groups. ° The
first 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 developed, adopts the types of approaches
recommended by this paper. ©

The literature covering partia indicators of port productivity continues to prevail among practitioners as
revealed by arandom look at annual reports published by port authorities’. Themoreacademicliteratureadopting
this gpproach to focus on specific ports spansover a15 years period Sarting in the early 1980s after which afirst
attempt at using theseindicatorsfor inter- port compari sonswas suggested by Tongzon (1995) and Tdley (). Their
approach was quite smple and conssted in defining a set of comparable indicators. Heaver (1995) or the
Ausdrdian Productivity Commission (1998) went further and used comparable indicatorsto try to see how inter-
port competition could be promoted andyticaly. Smilar studiesreevant to the concerns of aregulator includethe
study of scale economies by Jara et d. (1997) or Cullinane and Khanna (1998). Fernandez et a. (1999) also
coverstheeffectsof privetization. Whileall these studies generate useful insights on the performance of portsand
thefactors driving their codts, their main drawback wastheir partia view and the failure to recognize the need to
have an andytically consistent gpproach to efficiency measuremert.

The second generation of studies relying on forma measures of efficiency is an attempt to address this
falure. Itistill too recent to have generated many publications. However, the diversity of gpproachesfollowed by
therdatively modest volume of papersisquitereveding of thelack of concensuson theided gpproach. Themain
contributions of these studies are summarized in Table 2. A few clear trends gppear.

In generd, researchersfocus on pands 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 data for 1996.

® See Trujillo, L and G. Nombela (2000) for alonger review of port economics.

® For arecent overview of the literature see Campos, Estache and Trujillo (2001); “Information, Accounting and Regulation for
Argentind srailways’, WBI, mimeo; For amore rigorous survey see, Codlli, T., D.S..P. Rao and G.E. Battese or CRB (1998). For a
survey targeted to infrastructure regulators, see Coelli, Estache, Perelman and Trujillo (2000).

"1t includes papers by Neufville and Tsunokawa (1981), Suykens (), Kim and Sachis (1986) providing simple productivity
assessments. Therole of investment has been studied by Shneerson (1981) and planning by Bobrovitch (1982), Sheerson (1983)
or Goodman (1984).



Second, the models preferences are evenly distributed between stochastic frontiers and DEA, with one
study by Bafios, Coto and Rodriguez (1999) aso testing adistance function to show thedifficulty faced by portsin
adjugting intheshort runitsqued fix factors. Liu (1995) focuses on production to cal cul ate technical efficiency and
compares theinfluence of public and private ownership in Britain. Coto, Bafios and Rodriguez (2000) test acost
frontier. Roll and Hayuth (1993) show how DEA can be useful in assessing the relative effectiveness of various
ways of organizing port serviceswhen limited dataisavailable. Martinez, Diaz, Navarro and Ravelo (1999) relies
onaDEA to assesstheevolution of therdative efficiency of Spain’ sports. Tongzon (2001) usesDEA tomakean
internationa comparison of efficiency in 4 Audrdian and 12 other ports from around the world.

A third noticeable feature of the comparison of the studies is that all stochastic frontiers are tested for
trandogs but the type of technica progress—i.e. neutrd vs. non neutra-- built-in variesacross sudies. Moreover,
the production or output measures dso vary. Coto et a. (2000), Martinez et al. (1999), Bafioset al. (1999) and
Roll and Hayuth (1993) dl adopt ameasure of physical quantities of merchandises manipulated. In addition, Rall
and Hayuth include service leve, sarvice satisfaction and ship traffic as outputs. Martinez et d. and Roll and
Hayuth modd explicitly the multi-product nature of ports’. They aggregate the three main components of the port
activity: tons of merchandises moved, passengers |oaded and unloaded and number of vehicles with passengers.
The product can dso aggregate freight (aweighted sum of containers, generd cargo and grain) and service leve
(ratio of hanlding timeto total stay) asdoneby Roll and Hayuth (1993). Liu (1995), Bafioset d. (1999) and Coto
et d. (2000) assume asingle output technology and measure output through the volume of merchandise handled.
Liu (1995) measures the output through the revenue generated—excluding revenue from the sde of goods. This
gpproach assumesthat the ports are quite competitive and that tariffsreflect costs and hence that revenue reflects
output.

All sudiesmodd capitd and labor asinputs—as expected. Thelabor input isapproximated by the number
of employeesor thereated expenses. Roll and Hayuth (1993), Bafioset d. (1999) and Tongzon (2001) adopt the
firgt option and define labor as the average annua number of workersin the port. Liu (1995) and Martinezet d.
(1999) assume that the total wage payments are a good approximation of the labor input. The modeling of the
capitd input gives rise to more gpproaches. Liu (1995) defines capitd asthe net vaue of fixed capitd, including
land, buildings, docks, berths, roads, storage and equipment. Roll and Hayuth (1993) consider that capital isthe
annnua average of dl capitd invested in ports and ingdlations. 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 4
meters. Other production factors include “ other expenditures’ representing intermediate inputs (Martinez et d.,
1999); energy consumption, non-recurrent 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 termind areas. In addition, he adds aquality variable gpproximated
by the delay time—which may seem strange since it could be seen as a proxy for an output as well.

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



Table 2. A survey of theliterature on efficiency measuresin the ports sector

Author Data (1) Model (2) Functional Form Variables (3) Estimation Efficiency measure (5)
Method (4)
Liu Panel SPF Translog Y1 (Xy, X5, 24,25, 23,24, T) Model 1: Technical efficiency 1983-1990
(1995) 28 UK ports Neutral and non neutral OLS, ML Mod. 1 (ML): 78.0
1983-1990 Technological change Model 2: Mod 2 (GLYS): 76.9
Within, GLS, Mod 2 (ML): 68.3
ML Mod 2 (ML, with T): 69.7
Coto, Bafios and Panel CF Translog CTo (Yo, Wy, Wy, W3, T) Within Economic efficiency 1985-1989
Rodriguez 27 Spanish ports Non neutral Maximum: 100
(2000) 1985-1989 Technological change Minimum 11
Average 33
Barfios, Coto and Panel SCF Translog CVy (Yo, Wy, W3, W, W, T) Instrumental Technical efficiency 1985-1997
Rodriguez 27 Spanish ports DF Neutral D (Yo, X1, X3,X4, X5, T) Variables Distance function
(1999) 1985-1997 Technological change Maximum: 100
Minimum 15
Average 41
Roll and Hayuth Cross Section DEA Not applicable Yo, Y1, Yo, Y3, X4, X5, Xg Not relevant Average Medium 19930
(1993) 1993 Efficiency 78.2
Total ports: .93.4
Portsregion 1 and 2 86.1
Martinez, Diaz, Navarro Panel DEA Not applicable Yo, Y1, X1, X5, X3 Not relevant Average global 1993-1997
and Ravelo 26 Spanish ports efficiency 88.7
(1999) 1993-1997 Group I, Il and 111 80.1
85.7
Tongzon (2001) Panel DEA Not applicable Yo X1, Xa, X3, X4, X524 Not relevant Average efficiency if: 1996
16 ports Tests both CRS and VRS Delay Time Constant Return to 59.5
1996 Scae 93.1

Variable return to Scale

(1): To indicate sample size

(2): SPF: Stochastic production frontier; SCF: Stochastic cost frontier; DF: Distance function and D Distance; DEA: Data Envelopment Analysis;
(3): CT: total cost
CV: varigble cost
Yo: Production (measured in tons of merchandise or TEUs handled ) ; Y.: Production (measured by billing for services) ; Y.: Service level (number of containers moved/hour), Ys: User satisfaction

arivas

Xi: Labor Input

; X2 Capital Input

W : labor price; W.: capital price; Ws: intermediate input price; W,: variable capital price; Ws: quas fixed capital price

T: time trend; Z;: port sizefterminal area; Z»: port location; Zs: port ownership;

(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.
(6): Specific Efficiency levels assessed

Z,: capital intensity

;Xa Intermediate Inputs ;X4: Variable capital; Xs: Quasi fixed Capital Input  Xe: Uniformity of merchandise

;Y 42 N° of ships



For the two papers with cost functions, Barios et a. (1999) and Coto et a. (2000), labor prices are
gpproximated by the ratio of tota labor cost to the number of workers and the price of capitd isobtained by
dividing the amortization of the period by the length of docksin Coto et d, 2000. Bafioset d. (1999) distinguish
between the price of varidble capita, defined astheratio of investmentsredized in oneyear over invetmentsover
the previous year and the price of capital quas -fixed approximated by theratio between the use of capacity and
the length of docks with a depth over 4 meters. The price of intermediate inputs is the ratio of consumption,
externd services and service costs over other port expenditures. The price of energy isobtained by alocating the
energy inputs cost to ports according to the volume handled®.

The environmenta variables covered are usudly included to approximate some inditutiona or market
spedific characterigtics and are usudly built in the second stage of two stages gpproaches to the measurement of
effidency. Liu (1995) relies on 3 variables. Ownership is a dummy differentiating between private, trust and
municipa ports. Theszeof portsentersasadummy distinguishing between large, and, “medium and smdl” ports.
L ocdization on the shore vs. € sewhere dso entersasadummy. Findly, theintengty of capita ismeasured asthe
ratio between the net value of fixed capital and the total wage hill. Coto et al. (2000) rdy on adummy aswell to
distinguish between autonomous and other ports and on dock length to model the relevance of the size of ports.

Whileintuitively quite attractive, theideaof usng these variablesin a second stageto explain efficdency is
criticized by some of the top econometricians in the field. Indeed, starting with Battese and Codli (1995), the
criticiam 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 amispecified modd. To the
extent that they are rdlevant, the resdud of the first sage generate wrong estimates of efficiency. The critiqueis
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 quiteimpressive. Two stages methods reying on indrumentd variables and maximum likeyhood
approachesare quite common to estimate the parametric frontiers. Most of them also look into the fixed effects of
each port to ease the relative performance assessment. As for the non-parametric gpproach, it may be worth
pointing out that Martinez et d. (1999) and Tongzon (2001) rely on amethodology proposed by BCC (Banker,
Charnes and Cooper, 1984) to account for scae. They adopt a two stages radial approach to generate the
efficent frontier by solving alinear programming modd.

While not gtrictly comparable, the measures of efficiency obtained by the various authors are summarized
in the last column since none of the papers rely on methods comparing drictly the same sample with different
methods or of the same time period with comparable output variables. Liu (1995) does focus on technical
efficiency but does not compute port specific efficiency measures. He computes smply an average which he uses
asavaiableto explain in a second stage. His comparison of the various portsleads him to suggest that in the UK
for the 1983-1990 period, there is no significant advantage to private or public ownership when the policy
environment is competitive. He dso showsthat size matters and being larger helps, that location matters but not a
lot and thet capitd intensity has no significant impact. Coto et a. (2000) assess the economic efficiency of each
Spanish port for the second half of the 1980s. The first stage of their andytica works reveds arankinginwhich
the smdlest ports were the most efficient and the largest the leadt efficient and that autonomy did not necessarily
help. When testing in asecond stage the rdlevance of szefor theleved of efficiency, they conclude that sized does

® 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.



in fact not maiter but that autonomy hurts efficieny levels.

Covering a longer period for the same set of ports, 1985-1997, and focusing on technicd efficiency,
Bafios, Coto and Rodriguez (1999) conclude that there is an overcapitalization of the sector and that the Spanish
portsare not minimizing costs, hencereinforcing the atractiveness of the distance function—athough both the cost
and the distance function lead to the same policy conclusions. Relying on DEA, Tongzon (2001) confirms the
relevance of the degree of capitd and labor utilization in the assessment of efficiency. Also relying on DEA,
Martinez et d. (1999) show that athreeleve grouping of the Spanish ports (large, medium, and small) for the 93-
97 period refinesthe earlier reaults. In recent years, thelargest ports have been the most efficient and exhibited the
largest efficiency gains. The smdlest ports on the other hand have been the victim of aprogressve declineintheir
performance and medium ports seem to catch up. The main additiond policy contribution of the Roll and Hayuth
(1993) paper isto confirm that location matters, asrevealed by adifferent sample.

Ignoring momentarily the doubtsthat the Battese- Codlli critique could cast ontheresults, an overdl glance
at the last column is however useful to get a rough order of magnitude of the levels of efficiency that can be
expected for various types of combinations of models and output variables in sector. It suggests firgt that the
efficiency of the sector is likely to be stronger in terms of production variables than in terms of cost variables,
confirming that theloca monopoly power many ports haveissufficient to generate rent which regulatorsarefailing
to redidribute to users. It dso shows that the standard policy concerns such as overcapitaization, size or
autonomy can be relevant but not dways in the expected direction.

Oveadl, inaddition to thesefairly generic results, the overview provides someingghts on what seemsto be
the minimum information requirements 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 transport related activities such as the rental of space for any purpose. If dlocative efficiency is
important acost function must be estimated. The chalenge of separating costsbetween varidbleand totd isinitsdlf
sgnificant but modest in comparison to the chdlenge of assessng the opportunity cost of capitd in many
deve oping countries. Thismay explain why the production function will probably haveto bethe preferred option
for efficiency measuresfor devel oping countries. The main chalengefor labor inputsis obtaining adisaggregation
diginguishing white and blue collars and/or permanent and temporary employees. Capita inputswill generaly be
themost difficult oneto assess, in particular in the context of acost function. The physicd inputsor their monetary
vauations will often provide good gpproximations. Intermediate inputs tends to be aresidua category. Other
factorsinclude anything that the anadyst thinks may be rlevant to the port activity level. Thisincludesof courseits
ownership (public vsprivate) ininternational comparisonsand in somecountries. It can dsoincludemarket sze(in
Mexico, the East and West coast markets are different) and the port Size, if the data available does not dlow to
build in economies of scale carefully enough. Findly, atime trend will often have to be tested in most of these
modd s to pick up any technologica change.

4. Measuring the efficiency effects of Mexico'sport reform

This section summarizesthe mg or steps needed to generate the efficiency measures. It cover asomewhat
detailed discussion of the databecauseit turns out that the limitationsto the implementation of stadnard efficiency
measurement technique is Sgnificantly driven by data redtrictions.

4.1. The general focus of the efficiency measur e and the data available
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While the reform was decided in 1993 and the bulk of its implementation took most of 1994, the new
autonomous A Pls needed another couple of year to put together areasonable monitoring system demanded by the
Transport Subscretariat. Thedataavallableisannud and spansover 4 yearsstarting in 1996 and ending in 1999.
It only coversthe 14 APIsbut these are the main ones. Thisprovidesapane of data of 56 observationswhichis
large enough to rely on parametric methodsand in particular on aproduction frontier. Thelimited coverageisgood
enough to alow afair assessment of the continued progress and efforts made by the APIsto meet the mandate
assgned by the reformers. It is dso good enough to dlow an assessment of the evolution of the relative
performance of the main APIs.

The APIs covered by the study are: Ensenada, Guaymas, Topolobampo, Mazatlan, Manzanillo, Lazaro
Cédenas and Sdina Cruz, on the Pecific coast of Mexico and Altamira, Tampico, Tuxpan, Veracruz,
Coatzacod cosand Progreso, on the Atlantic coast. Excluding oil and itsderivatives, these APIshandle 70% of the
traffic going through the Mexican port sysem. Thisis Sgnificant. Among the largest ports, the main ones missing
are Puerto Madero, Puerto Valartaand Acapulco due to lack of enough comparable data. Puerto Madero was
closed for anumber of yearswhile under repair. Puerto Vdlartais mostly atourist port and has very little cargo.
Acapulco, dso amostly passenger oriented port, hastheonly API privatized so far (Snce 1997). SnceMexican
law prevents the regulator from requesting any cost information, that could also be used by the fiscd authorities
from any tax payer, no dataisavailable onthat API. Therest of the portsare generaly too smdl to dlocate mgor
resources to meet detailed regulatory informationa requirements.

Since the ports are subject to a price cap and thelr interactions are designed to be compstitive, it would
make sense to construct both cost and production efficiency measuresto identify possible rentsfromacomparison
of cost and production efficiency in preparation for the revison of maximum tariff dlowed. The econometric
techniquesavailable so far however do not dlow yet much inference from acomparison of the efficiency estimated
from cost and production functions.® While an estimation of both the production and cogt frontier through
sochadtistic modds should, in principle, dlow for caculation of technicd and dlocative efficiency from different
but related information bases, the redlity is that such comparisons are till dmost impossible to conduct in any
robust way.

Inview of the data restriction on the cost Sde, the andysis of the efficiency effect of the reformsis based
on a production frontier. A production frontier assumes an output maximization rather than a cost minimization
effort. ** This may areasonable assumption when focusing on the promotion of competition but may not be the
most desirable one in view of the fact that the regulated tariffs are under a price cap regime with the explicit
purpose of promoting cost reductions. The fact that market shares are a clear concern for APIS managers and
that most of theinitia investment decisions were taken for them as part of the restructuring process suggests that
the production orientation is overdl a reasonable one. Indeed, the efficiency measures generated from the
production frontier in a sector with scale economies provide information on the opportunities for expansion of
outputs for a given quantity of inputs, for agiven leve of costs™..

19" see Codli, Estache, Trujillo and Perelman (2001)

Y exico, the lack of atradition of regulatory accounting is also a source of concern for the confidence that can be attached
to cost data and the estimation of a cost function.

12 Under constant returns to scal e, 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
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The production variable reflecting the output of the infrastructure can be gpproximated by the volume of
merchandise handled (intons) in each API. Thisis cdearly asecond best. Idedlly, it would have been desrableto
address the multi-product nature of the APIs activities through a disaggregation of the varioustypes of cargoes
handled and through the explicit recognition that APIs dso provide other services such equipment rentd,
commercid building and space rentd, water servicesto the ships, etc...While these activities confirm the multi-
product nature of the APIs activities, the data on these other activitiesis unfortunately not available for each port
for the period covered. Thisiswhy we assume asingle output activity which focusesonthe AP’ smain 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 AP’ s production.

The production function buildson threeinputs: labor, capitd and intermediateinputs. Labor ismeasured by
the number of workersin each API™®. For some AP, thisincludesworkers used to load and unload shipswhich
in other APIsis a service provided by private operators. The four APIs providing merchandise handling are:
Topolobampo, Guaymas, Mazatldn and Sdina Cruz. The capitd input is approximated by the surface
concessioned by the government to the AP, corrected by a percentage reflecting the actud use of this capacity.
Asfor theintermediate inputs, their heterogeneity impedes the use of any physica measure, imposing instead the
use of amonetary approximation. Thisis provided by the sum of the expenditures on intermediate input variables
used here, they are expressed in congtant 1994 prices. Table 3 summarizesthe main datistics and illustrates the
divergty of Mexican ports.

Table 3: Summary Statisticsfor Mexico'sMain APIs

Variable Average Maximum Minimum
Production (tons) 6,823,559 17,737,060 719,459
Labor input (workers) 66 226 13
Capital input (m2 ) 4113642 213,909,375 29,216,300
I ntermediate inputs (1994 million pesos) 22,412,050 131,070,006 2,704,849

4.2. The specific model

The production frontier estimated is designed to get the best possible assessment of the sector’ s potentia
efficiency gainsduring the period of observation and the average position of each port with respect to thesegains.
Thisisimportant for theregulator snceit needsto decide by how much the maximum port tariff can becut in each
port to redidtribute efficiency gainsachieved sncethereformto port users. The modd must thusbe ableto dlow
the regulator to track down the average evolution of efficiency in the sector but aso to track down over time, as
effectivdy as possble, the absolute and rdative efficiency ranking of a pand of ports to identify outliers—i.e.
systemdtic laggards or leaders. The estimation of the model is dlowed by the access to a panel of data which
coversafour year period—21996-99-- that followsatwo year implementation period which should have dready
built inthefrontier shift these reformstend to introduce. In other words, catch up isthe expected outcome measure
to come from this sampel rather than technologica progress at this stage of the reforms.

are known.

13 This number excludes all workers allocated only to loading and unloading of ships sincethat activity isnot being measured in
this production function.



12

Following the literature in the field, we tested two functiond formsfor a stochastic producion function, a
Cobb-Douglas and a Trandog. The estimates are based on the maximum likelihood method relying on the
FRONTIER package, verson 4.1. The specific functiond forma tested are the following:

INQ, =b, +b,InK,+b,InL, +b,Inl, +b,T+b,In(K,) +b,In(K,)In(L,)
by IN(Ki)In(1, )+ bg In(K; )T + bg (L )* +byoIn(Li )In(1 )+ by (L, )T + &
+ b12 |n(| it)2 + b13 In(l it)T + bl4T2 +Vit - Uy

where: the variables are dl deviations from the geometric mean and defined as follows:
i=1,..,Nandt=1,..,N

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

Kit isthe capital used by port i inperiodt asdefined in the text

Li; isthe number of workers employed in port i in period t

li; are intermediate inputs costsin port i in period t

T isatime trend

Vit is the random error assumed to beiid distributed as anormal N(0,s %) and independently distributed
from u;; whichisanon negetive random variable associated with technica inefficiency and supposed to be
distributed independently asaN(0, s )™,

Since the specification of theresdua can infact take variousforms, we need atest to chose between the
various models. Thiscan be done through aratio of likelihood test which works as follows.

LR:'Z{ln[L(Ho)]' In[L(Hl)]} (2)
where L(Ho) and L(H,) are the vadue of the likelihood function under the null assumption (Ho) and the dternative
(Hy), respectively. If Hyiscorrect, thisstatistic LR isdigtributed asa ¢? with asmany degree of freedom asthere
are restrictions imposed.

Applied to the specification of the distribution of the inefficiency term, the testsleads sometimesto rgject
the assumption of a norma. This rgection combined with the difficulty of estimating amode under a normality
assumption in such a smdl sample (Ritter and Simar, 1997), leads to the sHection of a semi-normd for the
inefficiency term.

4.3. The statistical results
Table 4 presentsthe results of amaximum likelihood estimate of the frontier under these assumptionsfor

three different mode spefications: atrandog with technological change, atrand og without this change and Cobb-
Douglaswithout technologica change. Themost sriking result from Table 4 isthat in every modd the parameterg

% The term —u; cannot be observed in practice. Since the frontier has been estimated, the only thing observableisthedifference
Vvi-U;, the only solutionisto rely on apredictor of thisterm. The best oneisthe expected value of v; conditioned to the value of
Vi-U; . When the models includes explanatory variables for the efficiency of ports, it becomes a N(m, S.2), where m, = Zitd , and zisthe

vector of al variables which could influence the efficiency of ports and dis a vector of parameters to estimate in the modes including
explanatory variables for port inefficiency
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hasavaue not Sgnificantly different from 1. Thissuggeststhat mogt of thefluctuationsin theresdud termisdueto
inefficdency (U;) and that the random error (V;) isapproximatively 0. Thisimpliesthat the sochagtic frontier isnot
sgnificantly different from adeterminigtic frontier for these ports during this period. A reasonable explanation may
be tha the reforms have sgnificantly leveed the playing fidd and that a least in the short run, except for
inefficiency, there is not much scope for randomness in the system. Consdering that the reformers adjusted
employment and made most of the investment necessary as part of the reform implementation that preceded
immediately the period of estimation, determinism seems to be acceptable intuitively.

Table 4. Maximum Likelihood Estimates of the Stochastic Frontiers

Coeficient Translog Translog Cobb-Douglas
(nonneutral technical change) | (notechnical change) (no technical change)
Constant 0.405 0.565 0.901
(3.969) (10.398) (14.829)
Ln (K) -0.142 -0.202 -0.156]
(-14.323) (-4.107) (-7.932)
Ln(L) -0.169 0.169 0.106
(-0.801) (2.208) (0.777)
Ln(l) 0.700 0.185 0.007
(10.859) (3.962) (0.176)
Ln(T) -0.168
(2.227)
Ln (K)? 0.200 0.079
(3.303) (1.444)
Ln(K)Ln (L) -0.418 -0.019
(-0.668) (-0.160)
Ln(K) Ln(l) 0.335 0.151
(2.468) (3.750)
Ln (K) Ln(T) -0.066
(-0.845)
Ln(L)? 2.781 1.500
(4.313) (3.284)
Ln(L)Ln (1) -1.956] -0.558
(-4.995) (-2.048)
Ln(L)Ln(T) 0.485
(4.052)
Ln (1)2 0.995 0.017
(6.270) (0.066)
Ln (1) In(T) -0.245
(-3.132)
Ln(TY 0.148
(1.894)
s? 0.883 0.990 1.569
(21.484) (7.108) (3.256)
g 0.999 0.999 0.999
(14051.3) (7018185.8) (2415717.7)
Log Likelihood -37.225 -37.961 -47.609
funcion

Thet statistic isgiven in parenthesis below the corresponding coefficient.

In addition, the analysis of the significance of the coefficients reported in Table 4 provides ussful insights. The
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estimation of the frontier which assumes no technologica change has only 3 non-sgnificant coefficientswhilethe
specificationswith technologica change shows4 non sgnificant coefficients. Sinceweesimated thetrandog asan
approximation to an unknown form, the first order coefficients are the eadticities of production at the expanson
point and the other coefficients are lessimportant. The negative Sgn on capitd reflectsthe fact that for the period
covered by the andysis, there is an excess cgpacity. This results from sgnificant invesments made by the
government at theinitid stages of the restructuring process. Addition to the capitd factor isaburden in the short
run rather than an asset and a source of efficiency gainsfor the sysem asawhole. To be as complete as possible
we a0 need to comparethe rdative vaidity of the various specifications. Thisisachieved through likelihood ratios
tests reported in Table 5.

Table 5. Tests of the various specifications of the frontier

Restrictions M odel Log Likelihood | Critical value Decision
Likelihood | Ratio Test c?(5%)
function
1.Translog -37.22
(non-neutral technological
change)
=0 3.Trandog (OLS) -48.16 20.39 2.71 (%) Reject
(no technical
inefficiency)
b4:b8:b11:b13:b14:O 2.Trand 0og -37.96 1.47 11.07 Do not reject
(no non-neutral technical
change)
b5:b6:b7:bg:b10:b1; 4. CObb-DOUgI% -47.61 19.29 12.59 Re]a:t
=0 (no technological change)

(*) Critical Vaue obtained from Table 1in Kodde and Palm (1986).

Table 6 summarizes the various redtrictions tested on each modd, the test vaue cdculated and the
corresponding critical value of the ¢ distribution at 5% of significance. The last column specifies the decision
reveded by the test on each set of parameters restrictions. The first test checks for the presence or absence of
technical inefficiency in the port indudtry. If there is no such ingfficiency, U;; could be diminated from the mode
and it could be estimated though OLS™. This correspondsto atest of Hy: g=0. Thestatistical value20.39islarger
than the critica value and hence the assumption is rgjected, meaning that technica inefficiency must be included.

With respect to technology, two aspects were considered. The firgt tests the existence of non-neutra
technologica change. The caculated vaue (1.47) is lower than the critical value and hence we cannot reject the
specification without technologica change. This is a bit confusng since the direct assessment based on the
sgnificance of the coefficients would have suggested the opposite. Once more the very short period covered by
the analysis which follows a strong sector adjustment may provide the explanation. The second test refersto the
evauation of a Cobb-Douglas as arepresentation of production technology. The calculated test value (19.29) is
greater than the critical vaue (12.59) and hence the trandog function can be considered a better choice to
represent the production technology of the Mexican port sector.

> When Ho:g=0 isright, the production function is equivalent to aregular average response function and OL S estimates will
yield efficient estimates.
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4.4. The efficiency scores

With the atistical results settled, we can now assess the technica efficiency of each port in each year
based on the trandog production function specified earlier. The annual estimates and their average for each port
and for the port system asawhile are reported in Table 6. The average technicd efficiency of the Mexican ports
for the period is 58.8% when the outlier Ensenada is included. Thisis within the order of magnitude of other
esimatesin the sector asseenin Table 1. The average without Ensenadaiseven higher. The variance across ports
ishowever generdly quite high. It variesfrom 6.1%in Ensenadain 1996 and 99.9%in SdlinaCruz and Tuxpan
en 1996; Manzanillo and Lézaro Cardenasin 1998; and Manzanillo en 1999.%° From an overdl policy viewpoint,
the results confirm that the expected gains from reform are becoming redlity.

Table 6. Evolution of the port specific technical efficiency (in %)

Y ear Ens Gua Top Maz Man LC C At Tam Tux Ve Coa Pro Avge Average
without With
Ensenada Ensenada

1996 0061 0610 0722 0234 0726 0334 099 0227 0841 0999 0248 0227 0678 0570 0531
1997 0071 0566 0726 0298 0849 0828 0943 0305 0743 0853 0541 0229 0.777 0.638 0.594
1998 008 0419 0631 0347 0999 0999 08% 0413 0698 0996 0903 0306 0573 0.682 0.636
1999 0106 0370 0779 0368 0999 0702 0671 0457 0665 0960 0735 0239 0643 0.632 0.592

Average 0081 0491 0715 0312 0893 0716 0877 0350 0737 0952 0607 0250 0668 0.631 0.588
efficiency
level

Average 184 -16.7 25 151 106 248 -133 233 -7.8 -13 362 17 -18 6.1 8.3
Annual
Growth
rate

Tota 55.3 -50 76 453 319 743 -398 700 -230 -40 109 52 -53 184 25.0
Catchup

During that period, the annua average technicd efficiency increased from 53.1% in 1996 to 63.6% in
1998.—and is in fact higher when one ignores the clear outlier, Ensenada. The last year of the period saw a
decline, possibly reflecting a demand shock resulting from the Asan crisswhich the modd is not accounting for
explicitly. A potential source of concern for port regulatorsisthat acouple of ports (Guaymas and Sdlinas Cruz)
are showing a decline in efficiency which deserve a closer look.

Thelast two rows of thetablegivethe average annua catch-up rate (measured by therate of changeinthe
technicd efficiency measure) and thetotd ratefor the period under observation (the accumulated rate of change
obtained from a comparison of the beginning and end of period effiency level). The last row shows that 5 ports
(Guaymas, Sdlinas Cruz, Tampico, Tuxpan and Progreso) lost some ground to the frontier over the period and
with the exception of Tuxpan and Progreso for which the loss ground is minor and may smply reflect ademand
shock, the regulators should be interested in taking a closer look reasons for the deterioration in the other three
ports. The average annud growth rate should aso be useful to the regulator in that it gives an educated guesson

1% Ensenadais somewnhat of an outlier because it was afishing 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 seems to be coming from passenger ferrys.
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the range of average efficiency gainsthe ports should have been ableto achieve over the period. Thiscan be used
to specify the reduction in price cap to be allowed for the next regulatory period of 5 years. In other words, the
average efficiency gains in the sector was around 6-8% since the reform. Any port which did not achieve that
should provide a good jutification in order not to see its maximum tariffs cut by that much. */

4.5. Towardsyardstick competition in the Mexican 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 ingance 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 you try to put together a data base from scratch and start having to make assumptions for amost
every input and even for the number of outputs you can takeinto account. But for most practitioners, in particular
in countriesinwhich governance (i.e. corruption) isanissue, thetransparency of theinformation gathering process
and of the estimation rules sdected here dlows an increased accountability for dl parties involved and better
farnessin regulatory decisons. Ranking islikely to be more robust than the specific estimates and thismakesthis
ingrument useful for wesk formsof yardstick competition in pite of any reservation the policymakersmay haveon
the specific efficiency scores.

By way of illustration, Table 7 provides aranking of the four best and four worse performersin terms of
efficiency levelsevery year in an effort to reved some performance patternsin technica efficiency—the regulator
could dsolook into theranking intermsof efficiency changesjust discussed asacomplement. Given thisgpproach
to ranking and given the methodol ogy adopted to estimate efficiency, thereisno doubt that Manzanillo and Tuxpan
are the only port consstently among the best performers and Veracruz hasjoined them for thelast two years. At
the other extreme, theworse performersincluded Ensenada, Coatzacod cos and Mazatlan. Altamirahas managed
to pull out of that group in 99. Whilethisis clearly not sufficient to be used asayardstick competition system, the
results are robust enough to suggest that the regulator does have some problems on its hands and that it may be
worth to take a closer look at the worse performers.

Table 7. Ranking of technical efficiency18

Year Maximum Minimum

1996 Salina Cruz, Tuxpan, Tampico Ensenada, Coatzacoal cos,Altamira
Manzanillo Mazatlan

1997 Sdina Cruz, Tuxpan,Manzanillo Ensenada, Coatzacoal cos, Mazatlan
Lézaro Cérdenas Altamira

1998 Lazaro Cérdenas, Manzanillo, Tuxpan Ensenada, Coatzacoal cos,M azatlan
Veracruz Altamira

1999 Manzanillo, Tuxpan, Topolobampo Ensenada, Coatzacoal cos, Mazatlan

Y Taki ng the specific figuresin every cell of Table 6 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

18 The ranki ng that would have obtained from asimple analysis of labor productivity would not have implied amajor change with
asignificant exception. Veracruz which according to the technical efficiency measure is one of the best performing port would
have fared quite poorly. Indeed, itslabor 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 intermediate inputs. Similarly, the analysis of capital
productivity also coincides somewhat with the technical efficiency ranking but also shows afew exception. Capital productivity
indicators overestimate the ranking of Guaymas while they underestimate the ranking Tampico and Topolobampo.
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| | Veracruz | Guaymas |

The regulators could decide to zoom only on the top and bottom 3 or to the contrary on the top and
bottom 5. They could dso decidethat DEA or distance functionsare more gppropriate because they can ded with
multiple outputs. Indeed, since the production level is gpproximated by the volume of merchandise handled, the
characterigtics of these three ports may have pendized themn more than the others. Coatzacoal cos only restarted
container manipulation in 1999, while Ensenada—in addition to suffering fromits proximity to the US ports—and
Mazatlan should aso have received more credit for their important handling of passenger traffic which is not
alowed by the single output assumption of the production function estimated. Thisiswhy these results should be
seen only as a beginning of the andytica work supporting the policy decisions.

The fact is that within their short run data condraints, regulators have many choices and must make
decisons--idedly in consultation with the regulated operators. Once taken, these decisons definethe rules of the
gamefor interactions between the various actors. Once these gamesrules are set, competition to be on thetopand
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 help in ports, just like they helped in water or dectricity inthe UK and Audrdia
for ingance. This paper suggeststhat it should aso be possible to do it in a developing country context.

5. Concluding comments

There are three main conclusons to the paper. Thefird is that the reforms have resulted in sgnificant
improvementsin the performance of portson average. Theaverage annud growth ratein efficiency was between 6
and 8% for the sector. This adds up to an dmost 10% point increasein the average efficiency leve over a4 year
period which starts two years after the reform were implemented. This is a Sgnificant achievement. Even if a
couple of ports have not followed the trend, the results suggest that there is something virtuous about the trend
promoted by thereforms. Thereis some scopefor concern with apartia reversa inthelast year of the period but
asmentioned earlier, thisis probably ademand driven dowdown. Thelack of detailed information on the specific
sources of efficiency growth due to lack of data can aso be a concern. From the viewpoint of a regulator,
however, what matters mogtly in the context of a tariff revison is the extent to which a specific port achieves
efficiency gainswhich can be passed on to the port users and which can be showcased to other portsto promote
competition and these estimates provides a reasonably rigorous estimate. Thisis a ussful lower bound for what
these gains may have been.

The second isthat the andytically sound performance rankings alowed by these port specific efficiency
measures can help in promoting yardstick competition in the sector. Thisranking is superior to the onethat would
emerge from a ranking based on partia productivity indicators. It accounts for the joint effects of dl inputs on
outputs. Thisiscrucia because it avoids the risks on incong stent rankings based on different arbitrary choice of
partia indicators.

Findly, while hopefully the paper provides some light on the potentid payoffs from efforts to measure
technica efficiency to assess the caching up effect generated by reform, it does not do justice to the sweet and
tearsthat go into devel oping the data base needed to measure efficiency in countries without astrong tradition of
putting congstent and policy relevant data bases together. While the objective of trying to come up with afair
quantitetive ranking is clearly policy rlevant, it isimportant to recognize that the task isamgor chalengein most
developing countries, in particular in trangport sectorswherethetradition to generate policy friendly informationis
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dill initsinfancy. Evenin dmodt ided Stuaions—i.e. when the regulator actudly want to identify the necessary
information: - asisthe casein Mexico--, themost immediateimpact of the exercisswasto reved the poverty of the
data base and the need for theregul atorsto invest initsdevelopment. Intheend, the qudity of the datadid define
our ability to be specific in the performance ranking chalenge subcethe qudity of themode specificationisdriven
by data limitations. With this initid work, the regulator should be able to improve upon these results for future
policy use.
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