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ABSTRACT

The purpose of study is to assess alternatives for
commodities transportation, in the State of Mato Grosso,
Brazil, by adopting a Data Envelopment Analysis (DEA)
method. Therefore, we used three models, called
traditional (VRS and CRS) and the Cross - Evaluation.
The inputs were the freight rate, cost of accidents and

CO2 emissions, while the output was the weighted
average speed of each alternative. The study evaluated the
performance of seven macroregions. Results indicated the
best alternatives for each microregion, in particular, the
adoption of railway mode all over the transportation
process was indicated considering all scenarios.
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AVALIACAO DO TRANSPORTE DE COMMODITIES AGRICOLAS NO ESTADO
DE MATO GROSSO: CENARIOS DESTINADOS A EXPORTACAO

RESUMO

O objetivo do estudo é avaliar alternativas para o transporte de mercadorias, no Estado do Mato
Grosso, adotando o método Data Envelopment Analysis (DEA). Portanto, utilizamos trés modelos,
denominados tradicional (VRS e CRS) e a Cross - Evaluation. Os insumos foram a taxa de frete,
custo de acidentes e emissdes de CO2, enquanto a saida foi a velocidade média ponderada de cada
alternativa. O estudo avaliou o0 desempenho de sete macrorregides. Os resultados indicaram as
melhores alternativas para cada microrregido, em particular, a adogdo do modo ferroviario em todo
0 processo de transporte foi indicada considerando todos os cenarios.

PALAVRAS CHAVE: andlise de envoltéria de dados; analise de desempenho; commaodities agricolas; transporte
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1. INTRODUCTION

From the 80’s, the advance of the Brazilian agricultural frontier was toward Central North
Brazil, driven by rising international grain prices, combined with low prices of the land in the
region, which provided an aggressive conversion of livestock to grain. However, there are
challenges that must be overcome, such as low natural soil fertility and the precarious and costly
logistics, resulting in high production and transportation costs (CONAB, 2007 and IPEA, 2000).

According to Brazil (2014), the spatial distribution of the transportation sector in Brazil
reveals a predominance of road transport mode, and its concentration in the South Center region of
the country, especially in Sdo Paulo. What makes the main distant destination ports of the main
production sites.

Therefore, since the main purpose of the transport activity is move products into the activity
system, the spatial distribution of the sector must be efficient in order to generate greater
competition, economies of scale and price reductions for agricultural products, as these aren’t
commonly consumed in the same place where they are produced (BATTLE, 2011).

According to the study conducted by CNT (2015), for agricultural bulk cargo such as
soybeans and corn, the attributes that have influence on the choice of the transportation mode by
shippers are in descending order: the lowest cost of freight, the increased supply of transport, the
largest cargo security, increased reliability on time, less time spent in transit, greater availability of
infrastructure, lower level of loss or damage and better quality infrastructure.

Moreover, from the importance attached to the indicators: freight cost, transit time,
reliability and timeliness, we adopted as a premise for this study the assessment of the problem
considering the government 's vision, which aims to offer better conditions for the use of the
system, in an efficiently way, to facilitate the competitiveness between producers and carriers, since
these are responsible for collections of foreign exchange for the country.

Despite the mentioned indicators are responsible for the economic prosperity in any country,
there are other indicators that may generate other impacts to society: traffic congestion,
environmental issues, security, and other factors (SAMIMI, MOHAMMADIAN AND
KAWAMURA, 2010).

The purpose of this article is to assess through the application of the DEA, the alternative
transport of agricultural commodities from the evaluation of soybean flow, determine the most
efficient alternatives in each of the Mato Grosso State macroregions and propose efficient
alternatives for each region or area of origin of the distribution process.

2. DATA ENVELOPMENT ANALYSIS - DEA

DEA, date envelopment analysis is a linear programming application for decision support in
multidisciplinary problem, developed by Charnes et al. (1994), it’s a non-parametric approach to
treating units’ performance evaluation problems, known as DMU of Decision Making Units
(COOPER et al., 2007, LINS and CALOBA, 2006). The determination of the relative efficiency of
each DMU is performed by comparing it with the others, considering the relationship between the
resources that are available (inputs) and results achieved (outputs).

Instead of the traditional parametric approach, the DEA optimizes each individual
observation in order to determine a linear Frontier by comprising the set of DMU Pareto efficient
(LINS and CALOBA, 2006), wherein the located DMU index is 100 %.

DOI: https://doi.org/10.32358/rpd.2018.v4.282 elSSN: 2446-9580



https://doi.org/10.32358/rpd.2018.v4.282

RPD

Revista Produgéo e Desenvolvimento, v.4, n.2, p.31-41, 2018 Revista Producio e Desenvolvimento
http://revistas.cefet-rj.br/index.php/producaoedesenvolvimento Reseach in Production and Development

In this analysis, there are two classic models: the CCR or CRS (CHARNES et al., 1978;
GARCIA et al., 2017), which takes into account the constant returns to scale, and the BCC or VRS
model (BANKER et al., 1984), that considers variable returns scale, not assuming proportionality
between inputs and outputs and assuming greater operational diversity (due to its more efficient
units and different tradeoffs at the border) (LINS and CALOBA, 2006). Both models allow free
choice of the weights givens for the inputs and outputs of each DMU, which leads to the selection
of the set of weights that maximize efficiency.

Since its inception, the DEA has been applied to solve several problems, thereby it has
revealed some drawbacks, which according to ANGULO - MEZA and LINS (2002), are:

(1) Multiple optimal solutions for efficient DMUs weights scheme;

(i)  Deficiency discrimination of efficient DMUSs, inconvenience occurs when the
number of DMUs is small compared to the total number of analysis variables;

(iii)  Inadequate weights generated by the model, which in most cases are not very
adherent, providing zero weight (or too small) for important variables and high weights for
variables with less importance.

To avoid these problems some techniques have been proposed by the specialized literature
such as: Cross - Evaluation and the allocation weights. Proposed by Sexton (1986), Cross
Evaluation DEA's main idea to preserve the idea not to include a priori information using DEA in
an overall assessment of the DMU’s, instead of self-assessment. An evaluation of the joint means,
each DMU is evaluated according to the optimal weights scheme other DMU, to generate a matrix
of cross - efficiencies, with a mean of all these efficiencies efficient cross (LINS and MEZA, 2000).

3. MATERIALS AND METHODS
3.1.  Approach of the problem

The foregoing problem involves evaluating the efficiency of the agricultural commodity
transportation alternatives soybeans drained from the Mato Grosso State to the main Brazilian ports.

Among the different types of agricultural commodity, the soybean stands to represent about
51 % of the production of staple grains (cotton, corn and soybeans) the country (CONAB, 2015).

In Brazil, according to CONAB (2015) and ABIOVE (2015), soybean production in the
2013/2014 harvest was approximately 86 billion tons, in which about 53% of the demand was
destined for the foreign market, while about 43% was destined for processing in the domestic
market, and only about 4% of the production was destined for the stock in warehouses. The
proposed problem consists of seven macroregions distributed in the State of Mato Grosso. In each
macroregion one municipality is selected, which are valued the most efficient transportation
alternatives, allowing a process of flow through selection of the most viable production.

The seven macroregions of Mato Grosso were set to target the state under the
macroeconomic point of view, in order to facilitate the data gathering and scale its agricultural
economy shown in Figure 1.
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Figura 1: Division of Agrieconomic macroregions of Mato Grosso
Source: Adapted from IMEA (2010)

The Table 1 shows the macroregions along with the municipalities selected as distribution of
each macroregion centers.

Table 1: Description of the strategic points of the problem

Macroregion Strategic city Production of Macroregion (t)
1 — Northwest Juara 1.674.352

2 — North Alta Floresta 489.005

3 — Northeast Agua Boa 3.746.669

4 — Middle North Sinop 9.370.372

5 — West Pontes e Lacerda 3.361.853

6 — South Center Cuiaba 1.926.788

7 — Southeast Primavera do Leste 5.722.223

Source: based on IMEA (2010), IMEA (2014), ABIOVE (2015)

The current production flow alternatives (Figure 2) of the Mato Grosso State macroregions
considered an internal database as a source of information.
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Figure 2: Location of the home counties and destination ports
Source: Author (2017)

Currently the flow of soybean production is performed considering ten alternatives, which
are described in Figure 3.

Al
Saperal i .
732 1100 Itacaatiara
[MT] Porta Velho "y
. (A
(RO}
Al .
Randondpolis
ndonopsli 1606 Paraniagud
{MIT) T
A3 _ 0000000000000 O .
F.undum."fpuli: 1139 Maringh 545 Paranagud
[MT) 1PR) (PRY
“ A ]
Canarand 9ZE Araguari 1424 Witdiria
[MT) {BAG) (E3]
A%
Rondandpalis .
(MTI 168D 530 Fraulr.sizl;u do Sul
AE '
F.l\'.ll'ldl.‘!l‘ll.‘fpl.'pll'.- 1348 Santarém
AT} (Ra)
AT
Rondondpolis 1390 S-.u.ntl.'-!.
BT} 15P)
AR
Randandpolis 1543 Saﬁu.-
(M) {5F|
ag e 582 —h T A ss0 ¢
Randonspalis 5d0 simido Pederneinas Sanbos
(MIT} (=0} (=P {5m)
A0 g T ¢
Canarand Apuas Boa |taqui
(AT} (AT (RAA]
I A [ ]
Rigtroay Woleramy Railway traseshipment termizal Port

Figure 3: Current transportation alternatives of soybean flow
Source: Author (2017)
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Figure 4 shows a diagram consisted by the main variables considered in the study, which
includes aspects, features and indicators found in the literature.
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Figure 4: Diagram of the main variables used in cargo transport

Source: based on Cullinane and Toy (2000), Novaes et al. (2006), Leal Jr and D'Agosto (2011),
Akasaka, and Silva Leal Jr (2015).

Number of accidents
involving the population

3.2.  Application of Analysis Envelopment DATA — DEA
3.2.1. Data submission

Being DEA one multicriteria methodology of decision support, all quantitative indicators
used can be treated as inputs or as outputs, depending strictly of the criteria being used in the design
of modeling, and the coherence between them (LINS et al., 2007). The variables selected for the
evaluation of the efficiency generated by the application of DEA are composed of the outputs
weighted: average speed (km/h) (in each alternative and the undesirable outputs); freight rate
(US$); cost of accidents (US$) and CO2 (kg).

As showed in Table 2, the data were defined based on the characteristics of each mode of
transport, according to the distance between the parts of each mode from the available access roads,
and the flow of production intended for export. Thus, the average speed (km/h) was nominated by
“output”, the freight for “input 17, the cost of accident by “input 2” and CO2 emissions by input 3.

Table 2: Values Presentation of inputs and outputs for each alternative
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Alternatives Data 1 2 Alta 3 Agua 4 5 Pontes e 6 7 Primavera
Juara Floresta Boa Sinop  Lacerda  Cuiaba do Leste
%‘,’ﬁ; 19,8 21,6 22 20,6 19,2 20,1 21
e
(millions US$) ! ' ! ’ ) ) )
(mi',’}ﬁ,‘ﬁfkg) 52 20,4 167,0  327,6 95,9 62,7 216,2
Gy 30 30 30 30 30 30 30
A2 (mil:laozn:{ §s$) 616,65 202,79 1;146;5 31924;13 1j84:9 624,06 1;87,6
(millions US$) ! ! ' ! | ) )
(millons ko) 68,5 27,8 174 4705 166 76,6 216,4
Gy 31,4 31,3 316 314 31,5 31,8 31,9
A3 (mn:lEoer{ §S$> 922,43 203 : 14318: 41005,70 143128,7 616,77 1j57,2
(millions US$) ! ' ' ' ' ) )
(milloms ko) 100,5 25 1523 4163 1466 65,4 183,3
oy 22,9 22,5 202 222 22,9 21,9 21,4
y (m“:IE%E{é%) 1282,8 208;52 1282,9 51112,36 2207,9 1(2)12,0 2:09,3
(millions US$) ' ' ' ' ' ) )
(milloms ko) 121 25,4 1312 4564  187,9 89,2 2404
Gy 30,0 30,0 300 300 30,0 30,0 30,0
N (mi,:,EOEE{é%) 1255,6 203,85 1198,3 41026: 1135;2 627,10 126(;0
(millions US$) ! ' ' J ' ) )
(milloms ko) 131,4 28,6 180,0 4856 1714 79,7 225,7
Gy 30,0 30,0 300 300 30,0 30,0 30,0
. (m“:,EOEE{é%) 727,19 107,54 11&:7 2377,5 1j2(),6 618;36 2(1575;7
(millions US$) ! ' ' ' ' ) )
(millons ko) 80,1 18,6 167,7 2922 1495 73,3 246,0
Gy 30,0 30,0 300 300 30,0 30,0 30,0
A7 (mil:lgozn:sz §s$) 820,23 202,70 113171,9 31717,38 1j3(),0 611;32 1z8(;5
(millions US$) ! ! ’ ) ' ) )
(millns ko) 85,8 25,5 156,3 4263  150,2 67,5 189,5
f’k‘,’;‘,’ﬁ; 36,4 36,1 374 369 37,0 38,7 39,2
A8 (mil:lgozn:{ §s$) 723,13 200,41 1231,4 3:11,8 1201,0 503,77 1:68,5
(millions US$) ! ! J | ) ) )
(mi',’}i‘:)‘:ffkg) 80,2 17 910 2628 91,5 33,9 89,6
Output
- m/thi 23,6 24,0 227 232 23,1 21,6 21,2
(il Uss) 306 69 428 117820 4142 188,3 516,7
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Input 2

(illions US%) 2,3 05 2,8 8,0 2,8 1,1 3,0

(milloms ko) 92,2 21,1 1222 3410 1196 50,0 137,4

fl’(‘,‘;‘,’r‘j)t 29,2 29,2 289 29,2 29,2 29,1 29,1

o (m“:,Eozn:{é%) 921,24 206',52 125 4;48,4 1275,2 913,52 2278,0
(millions US$) ! ! ' ' | ) )

(millons ko) 86,6 19,7 736 3463 1484 66,5 173,2

Note: 1 US$=R $3.2620

3.2.2. Method of Application

In this study we will use the CRS and VRS models, both oriented input with multiplier and
envelope template, forming a total of three tests, as follows: CRS without restriction to weights,
VRS without restriction weights and CRS with cross-validation.

Was used the DREAM software, version 2.0, developed by DEA Group - Operational
Research and Psigma Problem Structuring and Indicators Group for Modeling and Assessment
(LINS et al., 2004).

4, RESULTS AND DISCUSSION

The methods adopted for the evaluation of alternatives were applied to the seven
macroregions, totaling seventy results of returns on each method. From the application software
IDEAL version 2.0, we obtained the results shown in Table 3.

Table 3: Final result of efficient DMUs for each macroregion

Macroregion CRS VRS Cross-evaluation
1 - Juara DMUS8,2el1 DMUS, 2el DMU 8

2 — Alta Floresta DMU 8 DMU 8e 6 DMUS5,8¢e6
3— Agua Boa DMU8el10 DMU8e10 DMU 8

4 — Sinop DMU8e6 DMU8e6 DMU8e6

5 — Pontes e Lacerda DMU 8 DMU8e1l DMU 8

6 — Cuiaba DMU 8 DMU8e5 DMU 8

7 — Primavera do Leste DMU 8 DMU 8 DMU 8

Where in, the most efficient DMUs are described in descending order from left to right. As
the DMU 8 is excellent in all macroregions and this alternative is destined for the port of Santos in
the State of S&o Paulo starts with the premise that it is not sufficient to meet the production demand
generated by the Mato Grosso State, because it is the largest source of concentration of the country's
production flow.
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The alternative A8 stands out from the others, as among the selected input and output
showed better results as those generated values, being benefited by the use of rail transport mode in
most of the route, besides the railway infrastructure compared to the other alternatives has
advantages in terms of maximum permissible speed. The results without the DMU 8 is shown in
Table 4.

Table 4: Final result of efficient DMUs for each macroregion without DMU 8

Macroregion CRS VRS Cross-evaluation
Juara DMU 2 DMU1,2e3 DMU 2
Alta Floresta DMU 6 €10 DMU1,6e9 DMU 5
Agua Boa DMU 10 DMU 10e 3 DMU 10
Sinop DMU 6 DMU1le6 DMU 6
Pontes e Lacerda DMU 1e6 DMU1,6¢e10 DMUGe7
Cuiaba DMU 3,7,9e10 DMU 3,7,9e10 DMU 3
Primavera do Leste DMU 3, 7e 10 DMU 3,7,9e 10 DMU 3

Source: Author (2017)

Due to the application of the method by cross- evaluation assign weights to all inputs and
outputs the final result is achieved from it.

Table 4 presented, disregarding the DMU 8, showed new efficient alternatives such as
alternative 2 in Macroregion 1, the A5 alternative in Macroregion 2, the alternative A10 in
Macroregion 3, alternative A6 Macroregion 4 alternatives 6 and 7 in Macroregion 5 and alternative
A3 in Macroregion 6 and Macroregion 7.

Based on all scenarios, it was possible to establish the best alternatives for each
macroregion, as follows:

» Macroregion 1: alternative A2 and A8 as auxiliary alternative the alternative, Al and A3;
» Macroregion 2: Alternative A5 and instead help alternative A6 and A9;

» Macroregion 3: Alternative A10 and instead help the alternative A8 and if there are
improvements to A3 alternative too;

» Macroregion 4: Alternative A6 and alternative Al as an auxiliary;
» Macroregion 5: Alternative A6 and A7 alternatives, A8 and A10 as auxiliaries;
» Macroregion 6: Alternative A3 and A7 alternatives, A8, A9 and A10 as auxiliaries;

» Macroregion 7: Alternative A3 and A7 alternatives, A8, A9 and A10 as auxiliary
alternatives.

Generically the superior performance of the prominent alternative is justified, in most cases,
by the location of origin and destination, percentage of the stretch traveled by each mode, path, load
flow and infrastructure.
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S. CONCLUSIONS

The application of DEA identified the most efficient alternatives for each macroregion
studied in order to achieve the objective. Traditional models of DEA were not viable for solving the
problem, it is necessary to use another model, such as the cross- evaluation.

It was also possible to identify auxiliary transport alternatives for each macroregion, since
the increase in soybean production is in an ongoing trend, which may exceed the capacity of the
most common alternative.

The mode of transport was not the predominant factor in more efficient alternatives, such as
expected, in which the influence factors for all geographical regions were as previously mentioned
the location of origin, port location, percentage of the stretch travelled by each mode, path, load
flow and infrastructure. For future studies, it is suggested an assessment, or benchmarks, of the
inefficient alternatives in order to increase their performance, by the use of other indicators such as,
terminal capacity, operating costs, transshipment time and issuance of other pollutants.

As indicated, the study of new indicators is necessary to identify potential alternatives using
modes of transport that require economic and environmental studies, being competitive with current
alternatives, aiming to reach ports located in areas that are not being considered so far.
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