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ABSTRACT

This paper presents an efficiency analysis of Beazbulk terminals built upon the conjoint
use of Data Envelopment Analysis and the bootsingpiechnique. Confidence intervals and
bias corrected central estimates were used asrstwne tools, not only to test for significant
differences on efficiency scores and their recipl®cbut also on returns to scale indicators
provided by different DEA models. The results o 8tudy suggest that most Brazilian bulk
terminals present increasing returns-to-scale, ithdahey are too small in size comparatively
to the tasks performed, indicating a capacity $albrtResults also suggest paths for
improving efficiency levels in a scenario of lowvestments and capacity constraints:
privatization and cargo specialization. A final tdvution to the literature lays on the
development a simple methodology to assess retarasale based on bootstrap results.
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1 INTRODUCTION
here is a consensus that ports are a vital linthéntrading chain due to their
contribution to a nation’s international compettess in the globalization
scenario. In order to support trade oriented econodevelopment, port
authorities around the globe have been under peessu improve port
efficiency (TONGZON, 1989; CHIN; TONGZON, 1998). IrBrazil,
accelerated economic growth has increased this mtnfar port services.
Between 2006 and 2010, the physical aggregate dhpau handled by
Brazilian ports — measured in tons/year — grewnafwerage rate of 10% per

year (CEL, 2009). This increasing demand for rédéiadervices has put enormous pressure on

the infrastructure of Brazilian ports.

Port operations management in Brazil was, untilrthd-1990s, completely regulated
and controlled by the federal government. Any itwveEst in port infrastructure could be
performed solely by Companhia Docas, a state ovaoedpany. Only in 1993, when the
Brazilian Federal Law 8630, also known as “Port Elmization” Law, was edited the path
for port privatization, leasing of terminals, in&éion of local port authorities and labor
deregulation started to be paved (CURCINO, 2007jhohgh investments in capacity
expansion were minimal from that period to thesgsd#he comparison of several ports in
terms of their overall efficiency has become areesal part of the Brazilian microeconomic
reform agenda for sustaining economic growth basedoreign trade (FLEURY; HIJJAR,
2008).

In 2006, when a federal authority linked to thenBortation Ministry was created to
allocate investments among the sector, the perfocenaneasurements of ports and terminals
started to be conducted on more systematic waylifionally, the performance of ports and
terminals has been variously evaluated by atterptslculating and seeking to optimize the
operational productivity of cargo handling at treeth and in the terminal area (CULLINANE
et al, 2006). In recent years, approaches such as Batalopment Analysis (DEA) have

been increasingly utilized to analyze productiod parformance of ports and terminals.

DEA is a non-parametric model based on linear @ogning (LP) used to address the
problem of calculating relative efficiency for aogp of Decision Making Units (DMUSs) by
using multiple measures of inputs and outputs. ippstudies that have used DEA however
have typically presented point estimates of inedficy, with no measure or even discussion

of uncertainty surrounding these estimates (CESAR@IL, 2009). To solve these problems,
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bootstrap techniques have been introduced into RBAlysis (CESAROet al, 2009)
allowing the sensitivity of efficiency scores rélatto the sampling variation of the frontier to

be analyzed, avoiding problems of asymptotic samgdiistributions.

Inspired by the current debate in the Braziliarnt gector, in which anecdotal evidences
suggest a capacity shortfall (AGENCIA BRASIL, 20B0DCTOR, 2003; SALES, 2001), this
paper presents an analysis of Brazilian bulk teamsibuilt upon the bootstrapping technique.
The basic idea is to use confidence intervals aiad lcorrected central estimates as
cornerstone tools to assess the efficiency issuéuilk terminals, not only to test for
significant differences on efficiency scores aneirthreciprocals (that is, their distance
functions), but also on returns to scale indicapsovided by different DEA models.

Results of this study are twofold. First, they obiorate that Brazilian bulk terminals
are running short in capacity, highlighting thaus®f how achieving productivity gains in the
short-middle terms in the absence of capacity esipan Second they shed some light on this
issue, not only demonstrating that public termirtafed to be less efficient than private ones,
but also that riverine terminals to be more effitighan maritime ones, due to the
specialization provided by handling and moving ®ayis on from producers. This second
aspect reinforces the role of port deregulatiomgization and cargo specialization in the
guest of higher efficiency levels in Brazilian tenals.

The remainder of the paper unfolds as follows. égt®n 2 previous studies regarding
efficiency measurement in Brazilian port/terminate presented. Section 3 provides the data
to be analyzed as well as additional informationtie® methodology used such as DEA,
Return to Scale characterization and bootstrapmirigEA. Section 4 presents the results on
the methodology applied to a sample of 53 bulk teats in Brazil. Conclusions are given in

Section 5.

2 PREVIOUS STUDIES
A growing number of studies have used DEA to berahnport efficiency. The

comprehensive literature review presented in Paleagt al. (2009) indicates that the number
of port/terminals researched in each study ranga® 6 to 104 (mean 28). According to
Martin and Roman (2001), although DEA obtains glsindimensionless, overall index of
efficiency, its essential differences to parameapproaches, such as Stochastic Frontier
Analysis (SFA), are found in the very nature of #malytical approach. As long as SFA is
stochastic and parametric, DEA uses linear progragptechniques. Bootstrapping, however,

is one of the most attractive solutions to addriss major DEA drawback, that is, the
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75 Wanke, Mattos

absence of statistical properties (ASSAF, 2010)etent years, as far as the Brazilian case is
concerned, only two DEA-based studies have appearethternational peer-reviewed
journals. All of them addressed the issues of agpaonstraints and the impact of contextual

variables on efficiency estimates.

Rios and Macada (2006) point out that, at the tingheir paper, no studies developed
in Brazil had thus far been conducted. The autlamalyzed the relative efficiency of 20
container terminals located in Mercosur during 2080203, and 2004 by means of an input-
oriented BCC model. Results indicate that 60% eftdrminals were managerially efficient in
this three-year period, probably reflecting thet fdat the Brazilian terminals had reached
record rates of cargo traffic, including highert@ladded products such as automobiles.
According to these authors, container traffic ilmsed 23.1% during the period. In Argentina,
the container sector had an increase of almost N@4urther international peer-reviewed

studies on the efficiency of Brazilian ports/teraisywere conducted from 2006 to 2010.

More recently, Wanke, Barbastefano and Hijjar (904adalyzed a mix of 25 major
Brazilian container/bulk terminals (based on 20@8ayl The authors found that the vast
majority of Brazilian terminals presented incregsiaturns to scale, and that bulk terminals
appeared to be proportionally smaller than contaiteeminals. Additionally, terminals
controlled by the private sector tended (although statistically significant at 0.05) to be
more efficient than those controlled by the goveenin Statistical tests with efficiency levels
were also performed against railroad connectivitg &éabor force qualification, albeit with
inconclusive results, despite previous studiesh ag Turner, Windle and Dressner (2004),
Cullinane and Song (2003), and Doctor (2003).

On the other hand, Barros, Felicio, and Fernan2i@t2), analyzed the productivity of
Brazilian seaports over the period 2004-2010, usaigalmquist index with technological
bias. During this period, the authors found thaaAfiran seaports, on average, became less
productive. There were improvements in efficientyarege, derived from better managerial
practices. Technological change, however, expes@meterioration. The policy implication
is that Brazilian seaports should focus on techmicprovement, by means of higher levels of

physical infrastructure and capital intensity.

As regards the use of parametric approaches, Uk A, studies on Brazilian ports are
also scarce (FALCAO; CORREA, 2012). For example,n¥éa Barbastefano and Hijjar
(2011) also used SFA to cross-check efficiencyescaovith DEA results, corroborating that

operational inefficiencies previously found are pately derived from random noise. More
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recently, Caillawet al (2012) used probabilistic decomposition altogethigh DEA and the
ordinal Copeland method in order to choose the rmdstjuate transshipment port within the

ambit of Mercorsur.

3 METHODOLOGY
3.1 THE DATA

Secondary data regarding a sample of 53 Brazilidk terminals were obtained from
the statistical database provided by the website@National Waterborne Transport Agency
or ANTAQ (http://www.antaq.gov.br/Portal/estatistsanuario.asp#). A map of Brazil is
presented in Figure 3 in order to illustrate thgaographic location: not only maritime

terminals are pinpointed, but also riverine ones.

The sample of 53 DMUs is comparable to similar Dégplications: the comprehensive
literature review presented in Panayidgsal (2009) indicates that the number of DMUs
(ports/terminals) usually researched ranges fram¥4 (mean 28). If the work of Wang and
Cullinane (2006) was excluded, the average numb&MUs would be 19.8. More recent
applications of DEA in the seaport industry alstiole this pattern: Al-Eraqui, Khader and
Mustafa (2009) used DEA Malmquist productivity imde evaluate the efficiency of 22
containers terminals in East Africa and Middle Eadtlanedo-Rosas and Ruiz-Torres (2009)
used DEA to measure the efficiency of 29 Mexicaastal ports; Wu and Liang (2009) also
applied DEA on 77 container world ports; and KamiReoot and Khanapuri (2010), on 12

Indian major seaports.

As regards the sample representativeness and tbie whiverse of terminals in Brazil,
the country has around 150 port terminals (FLEURNJJAR, 2010), almost two-thirds of
them are specialized in moving bulk cargoes. Tloeegfthe sample of 53 DMUs studied here
accounts for about 50% of the total amount of lahminals in Brazil. If the total aggregate
throughput is considered, this figure raises to 8@2% noteworthy that this research focused
solely on bulk terminals, as they present a verfyedint production technology from
container terminals (ALDERTON, 2008), which wetgerefore, discarded. This was done in
light of one of the major DEA assumptions: the DMusder analysis should present
comparable production technologies.

The bulk terminals researched, as well as thepe&s/e ports of origin, are listed in

Table 1. All these data relate to 2011 and thescdptive statistics are presented in Table 2.
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As implied in Coopeet al (2001), the number of DMUs should be at leastg¢hirmes
higher than the number of inputs and outputs, deoto attain good discriminatory power in
the efficiency estimates. The single input colldcfeom each terminal is the aggregate
number of loading hours (per year, all berths abergid). As regards the outputs, two
variables were collected: aggregate throughput yaar (in tons) and number of loaded
shipments per year. Contextual variables relateegderminal ownership — whether public (1)
or private (0) — and to its geographical locatiowhether riverine (1) or maritime (0). With
respect to the choice of the input/output variabigsd, readers should recall one of the aims
of the paper, which is to assess different possédsl| for increasing efficiency levels in a
scenario of low investments and capacity consgaiobnsidering all physical assets to be
fixed in the short-middle terms. Put in other wortise idea is to efficiently use all the
available shipment capacity in the short-term ideorto relief system pressure. Therefore,
inputs and outputs were chosen in order to betiderstand how berth time is being used to
achieve higher levels of production, both in terofsloaded shipments and aggregate

throughputs.
Table 1 — Terminals Researched
Port - Terminal Port — Terminal
Aratu — BA — Cais Publico Rio Grande — RS — Caibliea
Belém — PA — Cais Publico Rio Grande — RS — Teggras
Cabedelo — PB — Cais Publico Rio Grande — RS — agam
Cotegipe — BA Rio Grande — RS — Yara Fertilizantes
CVRD Praia Mole — ES Salvador — BA — Cais Publico
CVRD Tubarédo — ES Santos — SP — Cais Publico
Fortaleza — CE — Cais Publico Santos — SP — Cargill
Ilheus — BA — Cais Publico Santos — SP — Corex (ADM
Imbituba — SC — Cais Publico Santos — SP — Cosipa
Itaqui — MA — Cais Publico Santos — SP — MoinhotiSéen
Macapa — AP — Cais Publico Santos — SP — TMG
Macei6 — AL — Cais Publico Santos — SP — Teacu 1
Macei6 — AL — Empat Santos — SP — Teacu 2
Natal — RN — Cais Publico Santos — SP — Teacgu 3
Ocrim — AM Santos — SP — TGG
Paranagua — PR — Corex Santos — SP — Ultrafértil
Paranagua — PR — Fospar Sao Francisco do Sul -Ca-Publico
Paranagua — PR — Multiplo Uso Sao Francisco de-Sf — TESC
Pelotas — RS — Cais Publico Sao Sebastido — Sks-PGhlico
Ponta da Madeira — MA Sobramil — MS
Porto Alegre — RS — Navegantes Suape — PE — Chlg®u
Porto Alegre — RS — Serra Morena USIMINAS - SP
Porto Trombetas — PA Vila do Conde — PA — Cais ieabl
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Porto Velho — RO — Cais Publico
Recife — PE — Cais Publico
Rio Grande — RS — Bianchini

Rio Grande — RS — Bunge
Source: The authors.

Vitéria — ES — Caipau
Vitéria — ES — Peil
Vitéria — ES — Praialé&lo

Table 2 — Summary Statistics for the Sample (YearR011)

o Input measured Outputs measured Contextual variable
Descriptive i — i
statistics | (I) Loading hours | (O) Loaded (O) Aggregate Riverine | Public
(per year) shipments (per year) | throughput (tons/yr) |terminal? |terminal?
Mean 8,398.53 189.07 6,354,509.99 0.09 0.38
St. Dev. 10,548.47 281.80 19,481,268.01 0.30 |[0.49
cv 1.26 1.49 3.07 3.13 1.30
Source: The authors.
- 5t .
. Macapé (AP) BeLi%’" (”Agn .
Tromhéigé’(PA) é\” %‘“:j;t,ém; da Madeira (MA)
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. T \-E:Cabedelo *B)
o T : AT T Recite (PE)
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. 3 3 Y " Macei6 (AL)
e
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i L — 3 ;ubarao (ES)
Sobra.mil (MS) ; 1 J’ Vitéria (ES)

7 /%" PraiaMole (ES)
“'Séio Sebastifio (SP)
Santos (SP)3fslx Usiminas (SP)
g - \I!r; Paranagua (PR)

| Séo Francisco do Sul (SC)

E <L imbiuba (sc)

i 4
Pe'lotas_‘(RS) Porto Alegre (RS)

Rio Grande (RS)

Figure 1 — Map of the Brazilian Bulk Terminals Rasted
Source: The authors.

3.2 DATA ENVELOPMENT ANALYSIS

DEA is a non-parametric model first introduced bhathes, Cooper and Rhodes
(1978). It is based on linear programming (LP) amdused to address the problem of
calculating relative efficiency for a group of D&ion Making Units (DMUS) by using
multiple measures of inputs and outputs. GiventaosddMUs, inputs and outputs, DEA
determines for each DMU a measure of efficiencyamiad as a ratio of weighted outputs to

weighted inputs.
Consider a set ofi observations on the DMUs. Each observatbmu ; (j=1...n)

usesm inputs x; (i =1...,m) to produces outputsy, (r=1..,s). Table 3 summarizes
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79 Wanke, Mattos

the envelopment models with respect to the oriemtatand frontier types (ZHU, 2003),
where DMU,, represents one of the DMUs under evaluation, ang, and y, are thei"

input andr™ output forDMU , respectively.

Table 3 — DEA Envelopment Models

Frontier Type Input-Oriented Output-Oriented
miné max¢
st. st.
Constant Returns to Scale Zn‘/‘ X <& i1 Zn‘/‘ x. < x_ [ 2
(CRS), also known as CCR — % = 0%, U1 — 17 = Mo 2)
(Charnes, Cooper and Rhodes| '~ 1=
1978) n n
DAYy 2 Yo, O DAY 29,0
j=1 j=1
A, 20,0j A, 20,0j

Varying Returns to Scale (VRS), n n
also known as BCC (Banker; | Add 2/11- =1 Add z/ij =1
Charnes; Cooper, 1984) j=1 j=1

Source: The authors.
Thus, the BCC model differs from the CCR model omythe adjunction of the

constrainErj':l)lj =1. As regards the model orientation, whether irguiutput-oriented, the

two measures provide the same scores under comstants to scale (CRS), but are unequal
when varying returns to scale (VRS) are assumedhasefficient frontier (COOPER,;
SEIFORD; ZHU, 2004). Essentially, one should sekttorientation according to which
guantities (inputs or outputs) the decision-makerge most control over (COELLI, 1996).
However, given that LP cannot suffer from suchistiadl problems as simultaneous equation
bias, the choice of an appropriate orientationas as crucial as it is in the econometric
estimation case (COELLI, 1996). Furthermore, theiad of orientation will have only minor
influences upon the scores obtained and theinvelaanks (COELLI; PERELMAN, 1999).

Compared with the stochastic parametric frontigpraach, DEA imposes neither a
specific functional relationship between productmtputs and inputs, nor any assumptions
on the specific statistical distribution of the arterms (CULLINANE et al, 2006). An
efficient frontier is on the boundary of a convexyptope created in the space of inputs and
outputs, and in which each vertex is an efficieMUD(DULA; HELGASON, 1996). Another
feature of DEA is that the relative weights of ihputs and the outputs do not need to be
known a priori, that is, these weights are deteeahias part of the solution of the linear
problem (ZHU, 2003).
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Even though the weights are not crucial a prioEADresults heavily rely on the set of
inputs and outputs used. The more variables (inpnt$ outputs) in the DEA, the less
discerning the analysis is (JENKINS; ANDERSON, 2003is fact demands higher concern
for the variable selection process. Given the langeber of initial potential variables to be
considered for DEA, a number of methods have beepgsed in the literature which suggest
limiting the number of variables relative to thewher of DMUs (WAGNER; SHIMSHAK,
2007). Some studies have suggested judgmentainsogeley experts, in order to indicate the
most relevant variables for the DEA Model (GOLANRQLL, 1989); regression analysis, in
order to indicate highly correlated variables aturelant (LEWIN; MOREY; COOK, 1982);
or application of DEA to reduced models, in orderdnk the effect of variables on efficiency
scores (WAGNER; SHIMSHAK, 2007).

3.3 RETURN TO SCALES CHARACTERIZATION
Scale inefficiency is due to either increasing ecréasing returns-to-scale (RTS).

Although the constraint oE?zl)l ; actually determines the prevalent RTS type of éisient

frontier (ZHU, 2003) - CRS or VRS - scale ineffiegy at a given DMU can be assessed
under both models. As pointed out by Cooper, Sgifand Tone (2007), while the CCR
model simultaneously evaluates RTS and techniadfiarency, the BCC model separately

evaluates technical efficiency.

As noted by Odeck and Alkadi (2001), the terE';zlAj is also known as Scale

Indicator (Sl,) within the CCR model. So, even though the ternBGRused to characterize

the CCR model, this model may be used to determihether increasing, decreasing or
constant RTS prevail at a given DMU, by making itiqgut and output slacks explicit in the
LP formulation. For instance, if its “input savingfficiency is greater than its “output
increasing” efficiency, increasing RTS prevails (BCK; ALKADI, 2001). Now with respect
to the BCC model, since its efficient frontier isictly concave, the optimal solution will
necessarily designate a given DMU as being in #gion of constant, decreasing, or

increasing RTS.

Although the choice of orientation will have onlynar influences upon the efficiency
scores obtained and their relative ranks (COELIHRELMAN, 1999), it should be noted,
however, that input and output oriented models rgaye different results in their RTS
findings (BANKERet al, 2004). Thus the result secured may depend oortbetation used
(RAY, 2010). Increasing RTS may result from an inpuented model, for example, while an
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application of an output oriented model may prodackecreasing RTS characterization from
the same data.

The fact that different orientations may lead tifedlent RTS conclusions, regardless of
the DEA model adopted — CCR or BCC - is well-disedkin literature (see, for instance,
ZAREPISHEH; KHORRAM; JAHANSHAHLOO, 2010; RAY, 2010BANKER et al,
2004). However, under what conditions CCR and BCGdels generate different RTS
characterizations, observing the same orientatom, frontier estimation issue that shall be
further explored (DARAIO; SIMAR, 2007), where theeal life” violation of the convexity

assumption may or may not be involved.

3.4 BOOTSTRAPPING METHOD
According to Simar and Wilson (2004), none of theadretical models presented are
actually observed, including the efficient fronti@CR, BCC, or FDH) and its respective

distance function to each DMUD(X, y/[)). Thus, all these elements must be estimated.

Estimators are necessarily random variables upoichwistatistical tests, or at least,

confidence intervals (Cl) can be built to derivefus conclusions.

Therefore the importance of bootstrap-based appesacsuch as those presented in
Simar and Wilson (2004) and Wilson (2008), for rastiion on the efficiency frontier, should
be put into perspective. The discussions on RTd@fiarent DEA models have been confined
to “qualitative” characterizations in the form daentifying whether they are increasing,
decreasing, or constant (BANKER al, 2004; COOPER; SEIFORD; TONE, 2007). These
bootstrap approaches, however, which are also lugefleal with the asymptotic distribution
of DEA/FDH estimators, can be used to implementisiieal tests of constant returns to scale
versus varying returns to scale, convexity amomhgrothings (WILSON, 2009). For example,
Daraio and Simar (2007) developed several conditiomeasures of efficiency, which also
provide indicators for the type of RTS. The boatgtmethodology used in this study is

detailed next.

The method used in this study departs from the dmeloped by Simar and Wilson
(2004), also presented in Bogetoft and Otto (200@)jch adapted the bootstrap methodology
to the case of DEA/FDH efficiency estimators, asgésia Gaussian kernel density function

for random data generation. The seven-step algorighdetailed next.
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Algorithm

1. For each DMU ., apply all distance function estimators in (7)-(®) obtain the

j L

reciprocal estimates dd(x;,y,;/FDH),D(x;,y;/CCR, and D(x;,y,/BCC).

2. Reflect then reciprocal estimates for each efficient fronti&DH ,BCC, and CCR)
about the unity, and determine the respective battbvparameterd,, , hzcc, and h.., via

ordinary least squares.

3. Use step [4] to dram bootstrap valuesﬁj , ] = 1,...n, from the respective kernel
density function, for each one of the efficiencyiraates from step [1] and their reflected
values from step [2].

4. Let {¢,}]., be a set of iid (independent and identically tstied) draws from the

probability density function used to define thepestive kernel function; letd;}7., be a set
of values drawn independently, uniformly, and wiéplacement from the respective set of
reflected distance function estimatesR={D(x;,y; /0,2-D(x;,y;/D}; and let

d= n™>" d;. Then computel; =d + (L+h?/s%)"*(d, +h,&, -d) , wheres® is the sample

variance of the valuedj + h,gj f d_J <1, thenﬁj :d_j , otherwiseD_j = 2—d_j .

5. Construct a pseudo dataset of inputs and outijts {(X;,y,)}",) for each efficient

frontier (FDH ,BCC, and CCR) with elements(x_j,y_j) given byx_j=ﬁjxj /D(x;,y;/) and

y; =Y, (if input-oriented).

6. Use the respective distance function estimatoré7)n(9) to compute the bootstrap

estimateD(x,, y, /).

7. Repeat steps [3] to [5B times to obtain a set oB bootstrap estimates
{Dy (X Yol Dhar-
As a matter of fact, once tiepseudo datasets of inputs and outputs fontB#MUs

have been obtained, it is straightforward to ediént@ls on a giverDMU _, not only for the

actual distance functions, but also for the efficke scores and the RTS indicators. Table 4
summarizes the pseudo datasets of additional @ssnthat can be possibly generated from

the pseudo datasets of inputs and outputs, usenglgjorithm previously presented.
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Table 4 — Pseudo Datasets of Estimates

Inputs and Outputs Distance Functions Efficiency Sares RTS Indicators
{(%. Yo/ FDH)}2. | {Dy (%, Yo/ FDH)}o: | {8,(%,. Yo/ FDH)} 5y NA
using (9) using (5)

{(X.Yo/BCO}ey | {Dy(X,.Yo/BCOYey | {64(%,, Yo/ BCO}e, | {Ugy (%, Yo/ BCO} o,
using (8) using (1) + convexity using (3)

. n
constraint 0”21—1/1 J-

{(%,¥s/CCR}E, | {Dy(X%,Yo/CCRYE, | {6,(%,Yo/CCR}E, | {Slyy(%,Y,/CCR}E,

using (7) using (1) using (1)

NA = non-applicable
Source: The authors.

In order to evaluate the adequacy of the conveassumption imposed by DEA models
and to characterize the prevalent RTS within th@pda of Brazilian bulk terminals, the

methodological framework presented in this sect@s applied. More precisely, 95% Cls
were determined, not only for the set of estimatof®,(x,,y,/FDH)}E.,
{D,(x,,y,/BCO)}E, and{D,(x,,y,/CCR)}L, - to accept/reject the convexity assumption at
a given DMU,, /terminal — but also fofSl,, (x,,y,/ CCR}L, and{u,,(X,,Y,/BCO}L, - to
assess how its rejection impacts the RTS charaatean under the same input-orientation.
These analyses were implemented in Maple 12, willbQlLbootstrap replications, generated

upon Gaussian kernel density functions, for eathieft frontier. Their results are discussed

next.

4 RESULTS AND DISCUSSION
4.1 INITIAL ESTIMATES
The efficiency rankings calculated using DEA/FDHbu-oriented models are given in

Table 5, as well as the RTS score&d (@nd u,) for each DMU. As one would expect, the
FDH model yields higher average efficient estimdtesn do both DEA models (an index
value of 1.00 equates to maximum efficiency). Sieadly, the CCR model yields lower
average efficiency estimates than the BCC modeh wmspective average values of 0.15 and
0.27. Also, the CCR model identifies more ineffidcigerminals (51 vs. 50) than the BCC
model does. This result is not surprising, as tH@RCmodel fits a linear production
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technology, whereas the BCC model features vasaldturns to scale, which are more
flexible and reflect managerial efficiency apadrfr purely technical limits.

The vast majority (51 out 53) of the Brazilian buflrminals analyzed seems to be
unambiguously experiencing IRS under both RTS dtaraations. No terminal appears to
be unambiguously experiencing DRS. Discrepancigwdsn RTS characterizations were
found in only two cases (DMUs 6 — the large iroa terminal of Vale at Tubar&o Port - and
24 — a relevant public riverine terminal for soyégansportation from producers located at
the inland states of Mato Grosso and Rondoniakh Botle efficient, that is, located at the
MPSS. According to Odeck and Alkadi (2001) and Rarss Droge (2004), a DMU may be
scale inefficient if it experiments decreasing resuto scale by being too large in size, or if it
is failing to take full advantage of increasingureis to scale by being too small. So far, these
results suggest that most Brazilian bulk termiraaks running short in capacity. Put in other

words, the capacity of the bulk terminal is too Bmedative to the tasks that it performs.

4.2 BOOTSTRAPPED EFFICIENCY SCORES AND CONVEXITY 88MPTION

The bootstrapped CCR and BCC efficiency scoresyedisas their respective 95% Cls,
are presented in Figures 2 and 3 for each DMU. prexedures for computing these
estimates, based upon 1,000 bootstrap replicatmmsach efficient frontier, followed the
discussions detailed in Simar and Wilson (2004) &hdi, Gitto and Mancuso (2011).
Readers can easily note that public terminals tende less efficient than private ones
(median of CCR bias-corrected estimates: 0.05 ag@iril; median of BCC bias-corrected
estimates: 0.16 against 0.17), thus corroboratmyipus studies. The opposite is true for
riverine terminals (median of CCR bias-correctetinestes: 0.34 against 0.08; median of
BCC bias-corrected estimates: 0.40 against 0.1@stMf them are specialized in handling
and moving soybeans on from producers, locatedddlereastern inland states, to the closest
road/railway in order to reach the major expormieals, located at the ports Santos and
Paranagua. The asymptotic nature of the Cls shalstul be noted, as their lower and upper

bounds are not symmetrical around the central estim

With respect to the convexity assumption, the ugpminds for the 95% Cls for the
FDH and BCC distance functions are given in Figdrelhe upper bounds for the CCR
distance function were omitted in order to impratgereadability. It should noted that taking
reciprocals of the CI estimates, for the case aflyaing input distance functions instead of

efficiency scores, requires reversing the ordethef bounds; that is, the reciprocal of the
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upper bound for the input distance function meagjives the lower bound for the efficient
score measure, and vice-versa (WILSON, 2009).

The convexity assumption is not statistically supgd in seven DMUs when
comparing, against each other, the upper bounttseed5% Cls for the FDH, BCC, and CCR
distance functions. More precisely, the convexigsumption does not hold, at 5% of
significance, in DMUs 6, 10, 19, 24, 28, 38, and Zhe “statistical rejection” of the
convexity assumption appears to be related to eréggneous group of DMUs in terms of
their efficiency scores, regardless of their sind aontextual variables (cf. Figure 5). This
group encompasses the two previously mentionedscgeand 24), were original RTS
characterizations were found to be discrepant.neuranalyses to deal with both discrepant

RTS characterizations are discussed next section.
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Table 5 — Initial Estimates
Efficiency scores - input- Efficiency scores -
DMU oriented RTS Characterization DMU input-oriented RTS Characterization
BC
# Port - Terminal FDH BCC CCR Sl RTS-CCR uzero HIGE # Port - Terminal FDH |C CCR | SI RTS-CCR| uzerp RTS-BCC
Aratu — BA — Cais Rio Grande — RS —
1 Publico 0.14 | 0.04 0.03 0.07, Increasin@.01) | Increasing 2§ Cais Publico 0.19 | 0.07 | 0.04 0.15| Increasing | (0.01) | Increasing
Belém — PA — Caig Rio Grande — RS —
2 Publico 0.31 | 0.07 0.02 0.02 Increasin@.03) | Increasing 29 Tergrasa 0.92 | 0.07 | 0.06 0.33| Increasing | (0.01) | Increasing
Cabedelo — PB — Rio Grande — RS —
3 Cais Publico 0.62| 0.31 0.06 0.01 Incregs)i0.13) | Increasing 3( Termasa 0.42|0.15|0.09 0.11| Increasing | (0.03)| Increasing
Cotegipe — BA . . Rio Grande - RS — . )
4 041 | 0.14 0.08 0.05| Increasing0.03)| Increasing 31 VYara Fertilizantes 0.88] 0.06 | 0.05 0.35| Increasing | (0.01) | Increasing
CVRD Praia Mole Salvador — BA — Cais
5 - ES 1.00 | 0.37 0.19 0.03 Increasin@.09) | Increasing 37 Puablico 0.44 [0.12|0.04 0.03| Increasing | (0.04)| Increasing
CVRD Tubaréo — Santos — SP — Cais
6 ES 1.00 | 1.00 1.00 1.00] Constant(0.01)]| Increasing | 33 Publico 0.37 [0.11|0.06 0.06| Increasing | (0.03)| Increasing
Fortaleza — CE — Santos — SP — Cargil
7 Cais Publico 0.62 | 0.16 0.08 0.04 Incregsji0.04) | Increasing 34 0.54 |0.16|0.13 0.17| Increasing | (0.02) | Increasing
llheus — BA — Cais Santos — SP — Corex
8 Publico 1.00 | 0.46 0.04 0.00 Increasin@.21) | Increasing 34 (ADM) 0.48 |0.16|0.14 0.23| Increasing | (0.01) | Increasing
Imbituba — SC — Santos — SP — Cosipa
9 Cais Publico 043 | 0.12 0.06 0.0% Incregs|i0.03) | Increasing 36 0.86 |0.17|0.13 0.08] Increasing | (0.02) | Increasing
Itaqui — MA — Cais Santos — SP — Moinho
10 Publico 0.36 | 0.08 0.03 0.05 Increasin@.03) | Increasing 37 Santista 0.49]0.12 | 0.03 0.02] Increasing | (0.05)| Increasing
Macapa = AP — Santos — SP — TMG
11 Cais Publico 0.72 | 0.20 0.07 0.02 Incregs|i0.07) | Increasing 34 0.51 |0.15|0.08 0.05| Increasing | (0.04)| Increasing
Mac.eic') — AL - i . Santos — SP — Teacgu|1l . .
12 Cais Publico 0.42 | 0.10 0.02 0.02 Incregs|i0.04) | Increasing 39 0.89 |0.31|0.19 0.06| Increasing | (0.06) | Increasing
Macei6 — AL - . Santos — SP — Teagu|2 . )
13 Empat 0.41 | 0.15 0.10 0.08 Increasin@.03) | Increasing A( 0.58 |0.22]0.15 0.08] Increasing | (0.04)| Increasing
Natal - RN - Cais Santos — SP — Teagu|3
14 Puablico 1.00 | 0.57 0.05 0.01] Increasin@.26) | Increasing 4] 1.00 [0.33(0.23 0.07| Increasing | (0.05)| Increasing
15| Ocrim-AM 0.72 | 0.40 0.02 0.00| Increasing0.19)| Increasing 43 SaMos-SP-TGG| 4 oy 1033|024 | 0.08 Increasing | (0.05)| Increasing
Paranagua — PR + Santos — SP —
16 Corex 1.00 | 0.16 0.14 0.31 Increasin@.01) | Increasing 43 Ultrafértil 1.00 [0.27]0.10 0.04] Increasing | (0.09)| Increasing
Paranagua — PR + S&o Francisco do Sul |-
17 Fospar 0.36 | 0.14 0.09 0.07 Increas|r{§.03) | Increasing 44 SC - C. Pub. 0.91]/0.20|0.16 0.13| Increasing | (0.03)| Increasing
Paranagua — PR + Séo Francisco do Sul |-
18 Multiplo Uso 0.37 | 0.05 0.04 0.39] Incregsin(0.00)| Increasing 44 SC - TESC 0.50(0.13|0.05 0.03| Increasing | (0.04)| Increasing
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Pelotas — RS — Cals Sao Sebastido — SP +

19 Publico 1.00 | 1.00 0.04 0.01] Increasin@.50) | Increasing 46 Cais Publico 0.76 [ 0.34 | 0.03 0.01] Increasing | (0.16)| Increasing
Ponta da Madeira + Sobramil — MS

20 MA 1.00 | 0.93 0.93 0.92 Increasing0.01) | Increasing 47 0.54 |0.37|0.34 0.63| Increasing | (0.04)| Increasing
Porto Alegre — RS Suape — PE — Cais

21 — Navegantes 0.66| 0.16 0.05 0.0 Incrgasif®.06) | Increasing 48 Publico 0.71 |0.38|0.09 0.01] Increasing | (0.15)| Increasing
Porto Alegre — RS USIMINAS — SP

22| - Serra Morena 0.93| 0.17 0.04) 0.04 Indngas (0.06)| Increasing 44 0.83 |0.19|0.15 0.10| Increasing | (0.02) | Increasing
Porto Trombetas - Vila do Conde — PA —

23 PA 1.00 | 0.69 0.65 0.32 Increasin¢.03) | Increasing 5( Cais Publico 0.920.16 | 0.15 0.36| Increasing | (0.01) | Increasing
Porto Velho — RO Vitéria — ES —

24| — Cais Publico 1.00 | 1.00 1.00 1.00 Congtan (0.07)| Increasing | 51 Capuaba 0.40|0.10 | 0.03 0.02] Increasing | (0.04)| Increasing
Recife - PE - Calg Vitéria — ES — Peil

25 Puablico 0.18 | 0.06 0.04 0.08 Increasin@.01) | Increasing 57 1.00 |0.24{0.04 0.02] Increasing | (0.10)| Increasing
Rio Grande — RS + Vitéria — ES — Praia

26 Bianchini 0.56 | 0.13 0.11 0.23] Increasip@.02)| Increasing 53 Mole 1.00 |0.61]0.21 0.02| Increasing | (0.21)| Increasing
Rio Grande — RS +

27 Bunge 097 | 0.25 0.12 0.04 Increasin@.07) | Increasing

Source: The authors
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4.3 RTS CHARACTERIZATIONS: CIS FORSI, AND u,
The lower and upper bounds for the 95% Cls for$fjeandu, RTS indicators, as well

as their respective bias corrected central estsnai® given in Figure 6. The methodology
used to analyze its results is synthesized in EigurWithin the CCR case, a given RTS
characterization is considered to be statisticsitipificant only if the lower and upper bounds

of the confidence interval for th8l, indicator are both greater than 1 (DRS) or smakian

1 (IRS). On the other hand, when the BCC case nsidered, only if the lower and upper

bounds of the confidence interval for the indicator are both greater than 0 (DRS) or

smaller than 0 (IRS). Both bounds equal to 1 are8pectively, strongly suggests CRS at a
given significance level. As argued by Bogetoft adtto (2010), since the connection
between a given RTS characterization and its essn#& uncertain or stochastic, the
hypotheses of a given characterization should jeetes if at least one of the estimated scale

indicators falls outside such critical values.

Again, the majority (51 out 53) of the Brazilianllbderminals analyzed seems to be
unambiguously experiencing IRS under both RTS dtaraations at 5% of significance. No
terminal appears to be unambiguously experienciR§ Rt 5% of significance. Discrepancies
between RTS characterizations, originally foundwio cases (DMUs 6 and 24), still persist.
It is relevant to conduct further analysis on DMW (vhere discrepant RTS characterizations
were found) and on DMU 6 (where none of the RTSrattarizations were found to be
statistically significant at 5%). In the first caselditional analyses conducted on the bootstrap
estimates, in order to determine the minimal Celeypon which only one RTS classification
remains significant. It was found that DMU 24 il stivergent under both characterizations
even when a 100% CI (that is, the whole bootsteappde) is considered, thus suggesting this
DMU is probably CRS. Now, considering the bootstegtimates for DMU 6, additional
analyses - to determine the maximal CI level belehich the first RTS classification

becomes significant — indicate that this termisaCCR CRS when a Cl of 86% is considered.
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5 CONCLUSIONS

Inspired by the current debate in the Braziliarnt gector, in which anecdotal evidences
suggest a capacity shortfall (AGENCIA BRASIL, 20B0DCTOR, 2003; SALES, 2001), this
paper presented an analysis of Brazilian bulk teatsi built upon the bootstrapping
technique. The basic idea of the study was to asdidence intervals and bias corrected
central estimates as cornerstone tools, not onlgdbfor significant differences on efficiency
scores and their reciprocals (that is, their distafunctions), but also on returns to scale

indicators provided by different DEA models.

The results of this study suggest that most Biazibulk terminals are running short in
capacity. According to Odeck and Alkadi (2001) &wks and Droge (2004), a DMU may be
scale inefficient if it experiments decreasing retuto scale by being too large in size, or if it
is failing to take full advantage of increasingureis to scale by being too small. Therefore, it
can be suggested that the capacity of the bulkinatsin Brazil is too small relative to the

tasks that they perform.

It can also be noted that public terminals tendeoless efficient than private ones,
corroborating previous studies. As for riverinemarals, the results suggest they tend to be
more efficient than maritime ones. Most of them specialized in handling and moving
soybeans on from producers, located at middleseasteland states, to the closest
road/railway in order to reach the major exporimieals, located at the ports Santos and

Paranagua.

Putting in a broader perspective, the purposesehalysis conducted within Brazilian
bulk terminals are threefold. First, it was usedftulcorroborate empirical evidence regarding
the fact that these terminals are running shocajpacity, i.e., that increasing returns-to-scale
prevail within this industry. Although Wanke, Basgbefano, and Hijjar (2011) reached the
same conclusions, it is important to pin point thaor methodological differences between
both papers: here the analysis focused solely di tbuminals, with input/output variables
deliberately selected to assess different possdsilifor increasing efficiency levels in a
starting-point scenario of low investments, capacdnstraints, and fixed assets in the short-
term. Also, the convexity assumption, very commonDEA studies, was not taken for
granted here: bootstrap was used to test this gggmamong FDH, BCC, and CCR distance
functions, allowing also the returns-to-scale chtma@zation to be probabilistically evaluated

under both types of frontiers.
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Second, as mentioned before, the analysis reveade¢ds for increasing terminal
efficiency within the ambit of this capacity coratred scenario: simple non-parametric tests
revealed substantial differences between publidpei terminals and between riverine (more
specialized) and maritime (less specialized) teafsiin moving on grains from producers to
international markets. This suggests action plamgptiblic authorities and private decision
makers in order to better deal with the capacityrtsige.

Third, it served as a basis to illustrate some afpmral thresholds that may emerge
during similar analysis. One of them is relatedtiie impact of rejecting the convexity
assumption on finding that only one return-to-sadlaracterization (either CCR or BCC) is
statistically significant at a given DMU. The othezlates to the additional analysis that
should be performed when both returns-to-scale aciarizations significantly diverge or
none of them is found to be significant at a gi@MU. In such cases, respectively, the
minimal confidence interval level upon which onlyeoRTS classification remains significant
or the maximal ClI level below which the first RTRgsification becomes significant should
determined. For both cases, a simple methodologyemted as a flowchart was developed,

constituting another contribution of the paper.

Future research should still address the capasgyei in Brazilian ports, possibly
adopting a longitudinal perspective and involvirtge ttesting for the most influential
variables, in order to provide a full map of th&aéncy drivers in this environment. Possible
approaches in DEA or even SFA could also deal withissue of efficiency decomposition
both in financial and operational terms, takingimiccount handling costs, waiting time in

gueues, and service levels, issues that are tifiticthe competitiveness of Brazilian ports.
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