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ABSTRACT

This study employs data envelopment analysis (DEA) approach to evaluate the performance
of agricultural aircraft routes. In the context of agricultural aircraft usage, not enough
attention has been paid to the efficiency study of the routes in agricultural operations.
Aircraft are used in agriculture to perform various treatments on agricultural land.
Presumptions in this study are that a land is divided into parcels and one type of treatment
must be performed on these parcels. Also, the considered operation is performed by the
agricultural aircraft and the size of the analyzed land implies that all parcels cannot be
treated in one route, so there are multiple routes which have to be completed. Here, we
propose application of output oriented CCR DEA model on one set of routes in order to
determine relatively efficient routes. Proposed inputs for the application of the DEA method
are: tank capacity of an aircraft and total cost of parcel treatment in one route. Proposed
outputs are: total treated land area (total area of all parcels in route) in one route and
percentage share of effective flight in the total distance traveled in one route. In this way
relatively efficient routes can be selected, and some further analysis of relatively inefficient
routes can be made in order to see what changes can be done in inputs and / or outputs of
these inefficient routes to improve their performance.
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1. INTRODUCTION

When measuring the efficiency of systems with more diverse products (outputs) produced
with more diverse materials (inputs), it is impossible to draw a conclusion regarding the level
of success, i.e. efficiency, based on only a few (partial) indicators. Farrell (1957) defines a
measure of technical efficiency (Farrell's measure) that allows the inclusion of multiple inputs
(or multiple outputs) in an analysis. However, until the development of DEA (Data
Envelopment Analysis) method, it was not possible to include multiple inputs (or multiple
outputs) in the analysis at the same time as a methodology for evaluating efficiency.

Authors Charnes, Cooper, and Rhodes (1978) defined a basic model of data envelope
analysis, which was primarily used to measure the efficiency of schools and hospitals
(nonprofit sector). Later, the DEA method began to be used to measure efficiency in all areas
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where more inputs were used for production, and more diverse outputs were obtained as
output.

The efficiency measure obtained for decision making units (DMU) is relative, because the
efficiency of each unit is measured in relation to the others (all decision units in the observed
set) and thus the value of the efficiency index depends on the number of inputs and its
structure, and from the number of outputs and the structure of outputs, and of course from the
number of decision-making units themselves. From the early 1990s, the DEA method, along
with other techniques, began to be used in public transport research to compare outcomes
(Singh et al., 2018). The efficiency of routes in public transport is evaluated in the large
number of published papers, for example, the authors in the paper (Singh et al., 2018) use the
DEA method to assess performance as the efficiency of bus routes. In this way, the authors
determined which routes are efficient and which are inefficient and how inefficient ones can
be transformed into efficient routes in accordance with the places of social priority.

Successful operational policy and planning of individual routes depends on a thorough
understanding of route performance and economic characteristics. A great number of airline
routes performance studies have considered companies as DMUs rather than individual
routes; therefore, these studies may lack insight into the operation problems of each route.
Only few studies treat each individual route as a DMU, like authors in (Chiou and Chen,
2006).

2. ROUTE EFFICIENCY ANALYSIS USING DEA METHOD

The subject of this research is the agricultural land treatment, i.e. selection of efficient routes
(from the set of existing routes) in the treatment of agricultural land. The problem that is
analyzed consists of performing one type of operation on a parceled agricultural land using
agricultural aviation. The characteristics of the problem are: the land is divided into parcels;
the surface of the whole land cannot be processed by a single plane over flight; a non-
homogeneous fleet of aircraft is used; processing of several parcels can be done with one over
flight (depending on the capacity of the aircraft).

The application of solving methods (exact or heuristics) are not the subject of this paper, but
application of these method(s) result in processing plans - that is, a set of routes the
agricultural aircraft will take and process all the parcels on one agricultural land (Andri¢
Gusavac et al., 2019). When a processing plan (a set of routes) is determined, DEA method
can be applied to determine relatively efficient routes within one processing plan.

For successful application of DEA method it is necessary to follow the DEA procedure steps.
The first phase in this procedure is selection of the DMU, according to Marti¢ (1999),
followed by selection of input and output criteria, solving the DEA model and analysis and
results interpretation. In COOPER framework defined by authors Emrouznejad and Witte
(2010), implementation of DEA method is divided into six phases (Savi¢, 2012), where the
first two phases represent preparation for efficiency assessment, and relate to defining the
objectives of the analysis and understanding the way decisions are made. Only after the
preparation of data, the selection of an adequate model for efficiency assessment is made, and
within this phase, all inputs and all outputs are defined. After applying the model over real
data, it is necessary to prepare reports that will understandably help decision makers to
improve their business.

Selection of relatively efficient routes using DEA within a single plan leads to
implementation of the efficient routes first in practice. It is also possible to analyze relatively
inefficient routes and notice what can change in their inputs and / or outputs so the inefficient
routes become relatively efficient. Regarding the previously stated, it is very important to
choose the appropriate variables. The appropriate selection of input and output variables can
provide excellent problem insight regarding the relatively inefficient routes. Using the part of
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the solution called projection it is possible to single out inputs and/or outputs which can be
changed in order to make an inefficient route efficient.

2.1. Selection of input and output criteria

Most published papers in this area analyze routes in public urban transport, while routes in air
transport are covered in only two papers (Shao and Sun, 2016; Chiou and Chen, 2006). The
input and output variables that are chosen in these papers are presented in Table 1.

Regarding the input factors in public urban transport, the route length is most often used
(Singh et al., 2018; Giiner et al., 2016; Deng and Yan, 2019; Lin et al., 2010), as well as fuel
costs (Melo et al., 2018; Giiner et al., 2016; Adhikari et al., 2018; Zhu et al., 2016; Yu and
Chen, 2011; Chiou and Chen, 2006).

Table 1: Selected input and output variables for air transport

Input of allocation stage: Output of passenger transport function:
Shao and Sun, Number of flights Passenger thr.oughput .
2016 Intemhase measures: Output of frelght transport function:
Available seats Cargo and mail throughput
Available tonnage
Fuel costs Cost efficiency:
Staff costs Number of flights
Chiou and|Aircraft cost (maintenance costs,  |Number of miles traveled per seat on the aircraft
Chen, 2006 depreciation costs, interest) Service efficiency:
Number of miles traveled per passenger
Number of passengers per boarding

Based on the selected input and output variables in the published papers and based on the
specifics of the analyzed problem in this paper, proposed inputs for the application of the
DEA method in agricultural land treatment are aircraft capacity and total cost of treatment of
plots in the route. The capacity of the aircraft represents the total available fuel tank capacity
of one aircraft and determines the total distance that the aircraft can fly. The total cost of
treating parcels in one route represents the total cost of aircraft flying from / to the airport, the
cost of flying between all parcels in the route, as well as the cost of treatment of each parcel in
the route. Proposed outputs are total treated area of all parcels in the route and percentage
share of effective flight in the total distance traveled. The total treated area of all parcels in
one route represents the sum of the surface area of each parcel in one route. During the
treatment of the parcels in one route, the aircraft must fly from / to the airport as well as fly
the distance between each parcel in the route. It is important to note that only part of the flight
(from the total flight in one route) related to parcel treatment in one route is an effective
flight. In accordance with the above, the percentage share of effective flight in the total
distance traveled is proposed as output variable.

Research that is planned consists of solving the examples for instances of the maximum
dimensions: 100 plots and 21 aircraft. The solution will consist of the processing plan that
will include routes that cover (treat) all plots in the example.

4. CONCLUSION

A part of the research that comprise of route efficiency analysis based on data envelopment
analysis and applied to agriculture is presented in this paper. When it comes to practical
benefits of this research, it is important to highlight that, based on efficient routes selected
using DEA method, can be first implemented in practice. After the analysis of relatively
inefficient routes, some changes in their inputs and / or outputs can be done and the inefficient
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routes can become efficient. Research in progress that is presented in this paper consists of
selection of DMUs and selection of input and output variables. Future work will consist of
selection of the DEA model which will be applied to solve the problem and the software that
will be used is DEA-Solver-LV 8.0 (DEA Solver LV 8.0, 2019). The proposed approach will
be tested on examples of different dimensions. One important analysis that will be conducted
is projection which is important for relatively inefficient routes and based on the indicators
and their values given in this analysis it can be perceived which inputs and / or outputs can be
increased / decreased and by how much for each inefficient route so that the route becomes
relatively effective. DEA method can help to explore the influence of different parameters to
the efficiency of routes.
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