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PREFACE: A MESSAGE FROM THE LOCAL ORGANIZERS
On behalf of the Organizing Committee I am delighted to
welcome you all to the 2014 International DEA Workshop on
Sustainable Development and Performance Measurement held at
Universidad de Sonora in Hermosillo, Sonora, Mexico. The main
topics in our DEA workshop encompasses theoretical issues and
applications to sustainable development, economic integration,
industry and services.
Sustainable development is a responsibility of government,
enterprises and citizens. Therefore, if any of those subjects fail on
their environment duties, the goal is not achieved. Scientists play
a critical role on identifying problems and providing society the
policy options.
We deeply appreciate generous participation of scientists that
directly or indirectly contribute in this workshop with discussion
and clarifications of many problems that modern societies
undergo. At the present workshop 20 papers are being presented.
A total of 42 authors offer their findings on specific themes such
as theory on DEA analysis, environment protection, fair trade,
higher education, oil, banking, public finance, econometrics, big
data and regional development.
We are in debt with Professor Rajiv D. Banker, from Temple
University, U.S.A. and Professor Ali Emrouznejad, from Aston
University, U.K., indubitable leaders on the workshop topics.
Without their help, our event would not have taken place.
We hope you will take the best advantage of our 2014
international DEA workshop and enjoy your staying at
Hermosillo, Mexico.
Professor Francisco Vargas Serrano
Chair of the Organizing Committee
November 2014
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A SIMPLE MODEL FOR MONITORING ECOLOGICAL PROTECTION:
APPLICATIONS TO THE PLANET AND THE MEXICAN CASE
ARNULFO CASTELLANOS-MORENO
Departamento de Física, Universidad de Sonora, Hermosillo, Sonora, México (corresponding Author)
JUAN MIGUEL CASTELLANOS JARAMILLO
Departamento de Física, Universidad de Sonora, Hermosillo, Sonora, México

ABSTRACT
The goal of this paper is to propose a mathematical model for monitoring ecological protection. Biocapacity and
ecological footprint are taken as the state variables and a time series analysis is performed to demonstrate that they
are evolving through time according to a straight line, from which random deviations occur. Therefore, a function
of environmental protection is defined by using a bilinear form, so that it is interpreted as a potential function in
which a particle moves in analogy with classical mechanics. Its mass could be used to scale the time variable in
order to obtain a real-time prediction. The prediction is considered catastrophic, which is why penalty functions are
proposed to modify the result. Thus, a stable point is achieved that would otherwise not exist. Hence, the effect of
actions to protect the environment could be monitored and the functions fitted using one free parameter. The model
is applied to the cases of México and the world.
Keywords: Ecology, Mathematical Models, Stability

INTRODUCTION
Our ecosystem can be the Earth or a region of the planet. Its state is specified by using two variables
taken from two sets of ecological data: biocapacity, defined as the ability to regenerate resources and
absorb waste in a specified period; and ecological footprint, to be understood as a measure of the extent to
which humanity is using nature’s resources faster than they can regenerate.
A basic principle taken from theoretical physics is to initiate with the simplest approach to get inside of a
phenomenon. If a simple model does not work, then a complex one could be necessary. For this reason,
we start by analyzing these sets of data like a time series, and finding that a straight line, plus random
deviations fit with good accuracy. Then, a very simple environmental protection function (EPF) is defined
to put both parameters in opposite action. So, while an increment in biocapacity tends to produce a
growing EPF, ecological footprint tends to diminish it. The components of the matrix in the bilinear form
are the variance and autocorrelation of biocapacity and ecological footprint through time, in a similar way
to the Markowitz model for portfolios in finance. In this way, the state of the ecological system is a point
in motion through a bidimensional surface, like a ball rolling on a curved surface and going to the bottom.
So, the dynamics of the state point are thought to be hidden in its statistical behavior. It will be a
stationary state if the surface has a minimum, so that the ball will roll towards that point and stay there
while the statistical properties of both variables remain unchanged. The problem presented by the current
data is that the surface has no minimum and the ball is rolling downwards indefinitely, with ecological
footprint growing and biocapacity decreasing. For this reason, two options are presented to try to solve
this: a) set up barriers by following some kind of institutional measures, or b) take gradual and
programmed measures to modify the surface by means of an additional correcting function.
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This paper is organized as follows: the planet's data and its statistical fitting are presented in the next
section to show that the evolution through time of both variables follows a straight line plus random
fluctuations, the environmental protection function is defined in the third section and the case of the
Earth, as well as México's are presented. Barriers and the correcting function are shown in the fourth
section, and finally, some conclusions are written in the fifth section.
METHODS
We start by considering the next data reported for the planet(1):
Table 1: Data for the planet
Year
1961
1965
1970
1975
1980
1985
1990
1995
2000
2005
2007

Global capacity
3.7
3.5
3.1
2.9
2.6
2.4
2.3
2.1
2.0
1.8
1.8

Ecological footprint
0.63
0.73
0.88
0.97
1.06
1.07
1.18
1.24
1.29
1.45
1.51

Considering how ecological footprint is defined, one can see that the planet is in deficit to regenerate
resources since 1980, and that in 2007 one and a half Earths would have been necessary to get a
successful regeneration.
Shifting the origin of time to 1960, the first year is 1961, and so on, then, a linear regression can be
applied to fit the straight line with the equations given as follows
Table 2: Equations
Global capacity
x(t) = 3.6 – 0.04t

Ecological footprint
y(t) = 0.66 + 0.02t

The fitting quality is presented in the next graphs, where the data is represented as points and the resulting
fitting as continuous lines
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Figure 1: Ecological footprint. Data and its straight line.

Figure 2: Ecological footprint. Data and its straight line.

We interpret this results in the sense that actual time-evolution of both parameters is essentially simple,
and as a consequence, its dynamics should not be too complex. Therefore, an environmental protection
function B(x,y) is defined as follows:
Variance and correlation of both variables are evaluated, to get: s 12 for biocapacity, s22 for ecological
footprint, and s12 for correlation. Now we define B(x,y) as where  = -1 is introduced to get the opposing
action of the ecological footprint on the environmental protection function.
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The components of the matrix for the planet are
Table 3: Components of the autocorrelation matrix for the Earth
Variance of global capacity

Variance of ecological footprint

Correlation of global capacity and
ecological footprint

l2

22

12

6.97

1.26

-0.98

The environmental protection function is
B(x,y) = 6.97x2 – 1.97xy – 1.26y2
and its level zones are

Figure 3: Space of states for the Earth (level zones)

Figure 4: Space of states. Flux lines and future state
point

One finds that there is no minimum for a stable point to exist. For this reason, the ball (state point) will
roll forever with global capacity decreasing and ecological footprint increasing.
How will the ball roll from each point is shown in the next figure. The state at 2007 can be taken as the
initial point and the future state point shows us what is going to happen if the same conditions remain.
The horizontal line corresponds to the capacity of the Earth at 1980.
Evaluating the environmental protection function we find
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Table 4: Environmental protection function for the Earth.
Year
1961
1965
1970
1975
1980
1985
1990
1995
2000
2005
2007

B(x,y)
90.32
79.67
60.62
51.88
40.28
33.63
29.77
23.66
20.66
14.78
14.33

A bar graph shows how the ecological footprint weighs more as time elapses

Figure 5: Evolution on time of B(x,y) for the Earth.

The Mexican case can be analyzed in a similar way. The data set is given in the next table
Table 5: Data for México
Year
1996
2001
2002
2005
2006
2007
2009

Ecological footprint
2.7
2.5
2.4
3.4
2.2
3.0
3.2

Total biocapacity
1.65
1.70
1.70
1.70
1.98
1.47
1.70

The components of the matrix for México are
Table 6: Components of the autocorrelation matrix for México
Variance of global capacity

Variance of ecological footprint

5

Correlation of global capacity and
ecological footprint

l2

22

12

2.91

7.86

-0.51

The environmental protection function results
B(x,y) = 2.91x2 -1.02xy -7.86y2
and its level zones are presented in the next figure. Notice that the coefficient of the variance of the
ecological footprint is too large.

Figure 6: Space of states for México (level zones)

As before, there is no minimum for a stationary state to exist. Clearly this problem is worse than the
situation of the planet as we can see by evaluating the environmental protection function. This is shown in
the next table.
Table 7: Environmental protection function for México.
Year
1996
2001
2002
2005
2006
2007
2009

B(x,y)
-58.04
-49.42
-45.22
-94.29
-36.72
-73.48
-83.21

The function B(x,y) presents negative values in each year. This is due to the large value of the ecological
footprint.
BARRIERS AND PENALTY FUNCTIONS

6

It's very clear that there are no stable points in both cases, neither an automatic solution. Moreover, it is
hopeless to maintain a passive attitude where we are waiting for development without social cost, or
believe in solutions coming from the market in a natural way. We think that there is no evidence of a
possible constructive relation between profitability of actual firms and environmental protection.
Mathematically, this evidence should appear as a positive correlation between two variables: a)
profitability, and b) an environmental protection function like the one defined in this paper, but it does
not.
Therefore, new rules, taking the form of laws, and actions coming from governments by deciding
mandatory measures, are needed. However, we want to express two observations about this point:
1. Excessive intervention without considering popular wisdom is not a good idea. A government can
order a big campaign to plant trees, but what species, where, and when, are not decisions that can be
easily made from an office. We believe that farmers have the know-how when one is discussing topics
like recovering eroded land, and what kind of flora would be appropriate for reforestation projects to be
successful.
2. Institutional solutions would include new rules where the estimated price of products should aggregate
destruction of greenhouse gases. In our opinion, cost accounting is such that the prices of products are
evaluated without considering social and environmental impact. That is to say that prices could be
reduced because the damage done by the contaminants created during the production processes is not
taken into account.
Assuming that some kind of intervention from governments occur, these could be programmed and
evaluated by means of quantitative methods. That's the topic that will be discussed next.

Figure 7: Barriers in the space of states of the Earth.

First, measures in the form of barriers could prevent the rolling ball from going further down on the
surface. In the next example, global biocapacity of the planet is carried to a value given by 3.7 by
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recovering land, lakes, forests, etc. (this is represented by the vertical red line). Additionally, ecological
footprint is reduced to 1 by developing the destruction of greenhouse gases, and so on.
Something similar could work for the much more dangerous case of México, but a brief explanation of
the environmental protection function is needed at this point.
As we can see in figure 8, ecological footprint is counted in the horizontal axis, while the environmental
protection function, B(x,y) is put in the vertical one. Curves are presented for specific values of the
biocapacity denoted here as x1. The function B(x,y) takes only negative values if the biocapacity takes the
value x1 = 1. When this increases to x1 = 2, there is a zone, marked by the small rectangle, where the
environmental protection function is greater than zero. If the biocapacity takes de value of x1 = 4, the zone
where B(x,y) is positive grows, as we can see in the greater rectangle.

Figure 8: Looking for parameters. Mexican case.

Second, measures in the form of gradual activity intended to change the form of the surface can be
considered by adding a correcting factor to the environmental protection function. At this point we need
two parameters plus a center. Our explanation rests on the next figure:
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Figure 9: Addition of a correction to change the space of states.

The The environmental protection function, B(x,y), is changed by another one where a correcting
function C(x,y) (or penalty function) is added to produce a new surface, denoted here as D(x,y).
This can be done for the planet as well as México. Several parameters were explored and its minimum
values were found by minimizing the function with mathematical techniques well known in vector
calculus and linear algebra(3). Once values for x and y were found the corrected function was evaluated.
The better values are underlined because they get the biocapacity back to a state where the Earth is
capable of recovering from human activities.

Figure 10: Parameters and its effect to change the space of states

Changing the surface we can achieve a better future. One where there is stability and stationary states
between biocapacity and ecological footprint can be reached. The next figure show us how the rolling ball
will go to the bottom of the surface:

Figure 11: Space of states. Flux lines and stable state point.

Biocapacity is near x = 2 and ecological footprint is near y = 1.3. Similar to the values taken by the
environmental function B(x,y) in the year 2000.
9

México’s case was treated but it is not reported here to avoid redundancy.
CONCLUSIONS


Biocapacity and ecological footprint are studied for the cases of the Earth and México.



An environmental protection function was defined to get a quantitative approach to the balance
between biocapacity and ecological footprint.



The planet's data from 1961 to 2007 was considered and they produce a decreasing environmental
protection function. It is found that there is no stationary state.



Mexican data from 1996 to 2009 was considered in the environment protection function and its values
are negative over the years.



This means that, compared to the rest of the world, México is in a dangerous situation.



A system of barriers or a correcting function is proposed to deal with the problem.



Institutional measures are needed.



Authors suggest that wisdom and knowledge from local inhabitants should be taken into account.
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AN ANALYSIS OF TECHNICAL EFFICIENCY AND PRODUCTIVITY
CHANGE IN THE MEXICAN MANUFACTURING SUB-SECTORS BETWEEN
1988 AND 2008
ANGELICA MARIA VAZQUEZ ROJAS
Universidad Autónoma del Estado de Hidalgo, Mexico
ALEJANDRA TREJO NIETO
Centre for Demographic, Urban and Environmental Studies, El Colegio de Mexico

ABSTRACT
Even though the service and commerce sectors account for the most part of the economy in many advanced and
developing countries, in various instances the manufacturing sector plays a fundamental role in economic
development mainly via exports. For that reason, the question of the evolution and sources of productivity growth in
manufacturing activity keeps relevant. In this paper we analyze the technical efficiency and total factor productivity
change in the Mexican manufacturing subsectors (excluding oil industries) in the period 1988-2008.. By using
employment and fixed assets as inputs and total gross production as output, we apply Data Envelopment Analysis,
the Malmquist index and the decomposition of the index into its two components "technical change" and "efficiency
change". The data come from the 1988, 1993, 1998, 2003 and 2008´s economic censuses carried out by the national
institute of statistics, geography and informatics. Due to the productive characteristics of Mexican manufacturing,
the positive changes in total factor productivity in the period under analysis were driven by the "frontier shift"
(technological change) effect and, to a lesser extent, by the "catching up" effect (technical efficiency change).We
hypothesize that technical efficiency change can also be negative which is detrimental to productivity growth in
Mexican manufacturing.
Keywords: productivity, technical efficiency, manufacturing, Malmquist index, Mexico

INTRODUCTION
Manufacturing activity in Mexico has undergone significant changes which can be observed through the
study of total factor productivity, and its main components. This sector shows a different behavior among
different regions, and among their sub-sectors. The differences in terms of value added per worker can be
attributed to differences in assets, labor and productivity (Hall and Jones, 1999). An important source of
productivity is technical efficiency, which refers to the capacity of an economic unit to avoid the waste of
resources in the production process through producing the amount that technology and the use of supplies
allow (Fried, Lovell and Schmidt, 2008). Therefore, technical efficiency indicates the potential for
economic growth, maintaining constant supplies and technology (Chavez and Fonseca, 2012).
To measure the technical efficiency is necessary to compare actual performance with the optimal
performance, represented by a production frontier integrated by the efficient points. The most common
methodologies used to obtain estimates of the technical efficiency are two: first, a parametric production
function, estimated by regression; and second, a non-parametric method represented by data envelopment
analysis (DEA). The most important advantage of the last technique is flexibility because it allows
modeling the underlying technology. Unlike the parametric technique which must assume a specific
functional form for the production function, DEA may omit this assumption, so one only needs to take a
range of properties for the set of production possibilities. This technique offers the opportunity to solve
11

the difficulty of modeling the production technologies, the "black box" which is so important to the
analysis in the production process.
In this study we have chosen the data envelopment analysis as a base methodology to analyze productive
efficiency and total factor productivity change in the 20 subsectors of the Mexican manufacturing, in the
years 1988, 1993, 1998, 2003 and 2008. Due to its dynamism the manufacturing industry requires the
study of its behavior over time in terms of efficiency, but we face the question of how to capture the time
factor in data envelopment analysis.. Because the conventional DEA model only allows to calculate the
efficiency index for different units in a single point in time, we use the Malmquist index (nonparametric
approach) as a main methodology, because it allows to approximate the change in total productivity
factors of a given unit over a period of time. In addition, this index is divided down into two components:
first, technical efficiency change, which is the degree of convergence to the production frontier underwent
by the evaluated unit in the study period; and second, technical change or technological innovation effect
materialized in the displacement of the production frontier.
This research is related to other studies which have measured the technical efficiency for manufacturing
production in Mexico in different areas. Bannister and Stolp (1995) analyzed the technical efficiency of a
set of manufacturing industries to a cross section of the Mexican states in 1985. Braun and Cullmann
(2011) estimated the technical efficiency in the Mexican manufacturing sector using the random effects
model for a panel at a municipality level for the years 1989, 1999 and 2004. Chavez and Fonseca (2012)
applied a translog stochastic frontier for analyzing the evolution of technical efficiency in the
manufacturing industry as a source of regional economic growth, for the 1988-2008 period. None of these
studies deal with the technical efficiency at a subsector level and its evolution over time using a
nonparametric technique. Instead these works typically use a parametric methodology, except Brown and
Dominguez (2004) and (2013) who analyze the total factor productivity of the manufacturing industry and
its components in two periods: from 1984 to 1993 and from 1994 to 2000; and then the 1994-2001 and
2001-2009 periods, at the establishment level using the Malmquist index.
However, they did not explicitly consider the differences of the level of the technological development at
the subsector level. Therefore, the aim of this research is to understand the internal dynamics of Mexican
manufacturing in order to analyze the evolution of technical efficiency and its differences among
subsectors, and to study the behavior of total factor productivity and their components. Data Envelopment
Analysis and the Malmquist Index are applied to a data set of the 20 manufacturing sub-sectors in the
years 1988, 1993, 1998, 2003 and 2008.
The document is integrated after this section as follows. Section 2 briefly discusses the data envelopment
analysis and the Malmquist index. Section 3 describes the data. Section 4 presents the main empirical
results. Section 5 discusses concluding remarks.
METHODOLOGY
The assessment of productive performance and productivity change in the manufacturing subsectors in
Mexico is based on the estimation of technical efficiency and Total Factor Productivity (TFP) change by
means of DEA and the Malmquist index.
12

DEA is a non-parametric technique that uses linear programming to build an efficient frontier or
empirical production function using a dataset of similar economic units, which in this case are represented
by manufacturing subsectors. DEA compares the input-output relations of subsectors, assuming that they
use the same kinds of inputs (for instance labour and capital) to produce the same kinds of outputs
(product or value added). The subsectors with the best practices determine the maximum output
achievable. By measuring the distance to the efficient frontier, an efficiency score is derived for all other
subsectors.
There are different types of DEA models depending for instance on the objective function (input
minimisation to reach a specific output level, and output maximisation for a given set of inputs) and on
the assumptions about the returns to scale (constant or variable returns to scale). A traditional output
oriented Variable Returns to Scale (VRS) DEA model is estimated. This implies that manufacturing
subsectors have the objective of maximizing output given their input endowments (from the policy point
of view it seems reasonable to expect increases in material surpluses than decreases in capital
accumulation and employment).
The Malmquist Index measures the changes in the TFP of a productive unit between two periods, say t
and t+1, by calculating the ratios of the distances in each period to a common technology (Coelli et al.
1998). More specifically, the index is based on the calculation of the distance that separates each DMU to
the reference technology in each period by using a distance function. These distance functions allow the
description of multi-input and multi-output production technologies without specifying a behavioural
objective (cost minimisation or profit maximisation) (Coelli et al. 1998). The calculation of distance
functions in the Malmquist index makes use of the DEA methodology.
The Malmquist index allows the decomposition of TFP change into the change attributable to an
improvement in technical efficiency and the change caused by technical progress. Even though the
product of these effects is by definition equal to the Malmquist, the components can have differing
directions. A constant returns to scale (CRS) output oriented specification of the Malmquist index is
estimated for the manufacturing subsectors in Mexico.
DATA
The information used in the calculation of the index comes from the Economic Census (1988, 1993, 1998,
2003, 2008), the data is classified into 20 manufacturing sub-sectors (excluding oil industry) according to
the NAICS 2007 classification. The manufacturing gross added value represents 16.54 per cent of GDP at
constant prices (base 2008) of The National Accounts 2008, while in 2003 this value was 17.56 percent,
noting a decrease of one percent. In terms of population employed the manufacturing activity a
participation of 15.89 and 16.74 percent were observed for 2008 and 2005, respectively, using data from
the National Survey of Occupation and Employment. Our interest has been to perform an analysis of
long-term in order to observe the trends among different years and systematically appreciate patterns of
behavior in terms of technical efficiency and technological change.
In order to implement DEA the selection of inputs and outputs in this application is based on the
indicators that have been used in similar studies and also on the available information. The empirical
13

model is estimated for the manufacturing sector, excluding oil industry, using a balanced panel data for 20
manufacturing subsectors, for the years 1988, 1993, 1998, 2003 and 2008. We used as a measure of the
output the total gross production of each industrial subsector, the occupied workforce as a measure of the
labor factor; while the proxy for the capital factor are fixed assets (both product and capital are measured
in constant prices of 2003). The subsectors which recorded major participation in all variables in different
years of study are The Food Industry, The Chemical Industry and The Manufacturing of transport
equipment. Other important industries are the Textile industry, Manufacturing of machinery and
equipment but with smaller percentages..
DEA analysis requires the homogeneity of inputs and outputs across DMUs; however the mix of skilled
and unskilled workers can vary importantly across manufacturing subsectors, likewise the characteristics
of physical capital. Here we impose the strong assumption that capital and labour are homogeneous. Data
come from the economic censuses carried out by the National Institute of Statistics, Geography and
Informatics (INEGI) for the years 1988, 1993, 1998, 2003 and 2008. Due to the nature of the techniques
only information about quantities is required, and assumptions about the functional form of the
production function are not necessary.
EMPIRICAL RESULTS
During the period of analysis (1988-2008) we observe a heterogeneous behavior in the Mexican
manufacturing subsectors yet in general we identify limited technological change and technical efficiency
change. The Malmquist index indicate that the manufacturing subsectors have recorded a productivity
change mainly due to the technological change and to a less extent technical efficiency.
Technical efficiency
The results show that technical efficiency in the 20 manufacturing subsectors in Mexico increased by
3.07% on average terms from 1988 to 1998, while it decreased 4.67% from 1998 to 2008. Only part of the
chemical industry is constantly efficient in the study period. Subsectors such as the transport industry and
food industry present an increase in the efficiency index, so that hey move to the efficient frontier in three
years of study.. It is remarkable that the timber industry which was inefficient in the years 1988 and 1993
becomes efficient in the last three years of study. The basic metal industries and the subsector of the
computer industry, communication, and measurement and other equipment, electronic components and
accessories recorded inefficiency only in 1988 and the remaining period they managed to reach the
optimal production frontier.
Subsector 8. Paper industry and 21. Other manufacturing industries decreased their performance achieved
in 1988 and became inefficient in the other years. The most inefficient subsectors are 13. Manufacturing
of products based of non-metallic minerals, 3. Manufacturing of textile inputs, and 9. Printing and related
industries throughout all periods.
Breaking down the results on a yearly basis, we have in all the years of study that a third of the Mexican
manufacturing is efficient, while the rest show some degree of technical inefficiency. This is an indication
of the remoteness of most subsectors of the optimal production frontier. The behavior of each subsector
can be seen in Table A1 in the Appendix.
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The following table shows the efficient subsectors in the study period and the average efficiency..
Table 1: Efficient manufacturing subsectors and mean efficiency 1988, 1993, 1998, 2003 and 2008
1988
04.Manufacturing of
textiles, except apparel
06.Manufacturing of
leather products, leather
and substitute materials,
except apparel

1993

1998

2003

2008

07.Timber industry

07.Timber industry

07.Timber industry

04.Manufacturing of
textiles, except apparel

04.Manufacturing of
textiles, except
apparel

06.Manufacturing of
leather products, leather
and substitute materials,
except apparel

05.Manufacturing of
wearing apparel

21.Other manufacturing
industries
17.Computer industry,
communication, and
measurement and other
equipment, electronic
components and accessories
05.Manufacturing of wearing
apparel

06.Manufacturing of
leather products, leather
and substitute materials,
except apparel

05.Manufacturing of
wearing apparel

08.Paper industry

14.Basic metal industries

14.Basic metal industries

01.Food industry

01.Food industry

16.Manufacturing of
machinery and
equipment

19.Manufacturing of
transport equipment

11.Chemical industry

11.Chemical industry

19.Manufacturing of transport
equipment

17.Computer industry,
communication, and
measurement and other
equipment, electronic
components and
accessories
11.Chemical industry

06.Manufacturing of
leather products,
leather and substitute
materials, except
apparel
14.Basic metal
industries
17.Computer industry,
communication, and
measurement and
other equipment,
electronic components
and accessories
19.Manufacturing of
transport equipment

19.Manufacturing of
transport equipment
79.18

78.62

14.Basic metal industries
17.Computer industry,
communication, and
measurement and other
equipment, electronic
components and
accessories
11.Chemical industry

01.Food industry
11.Chemical industry

82.25

82.32

77.58

Source: Developed from the 1989, 1994, 1999, 2004 and 2009 INEGI economic censuses

MALMQUIST INDEX
Changes in productivity in the study period are summarized in Table 2. The change of total factor
productivity experienced by manufacturing subsectors (excluding the oil subsector) as a whole averaged
9.0 percent every five years. The 1993-1998 and 2003-2008 periods recorded the lowest averages, 2.2 and
0.3 percent respectively. From an examination of the components of the Malmquist productivity index,
this result is explained by a technological change in average terms of 13 percentage points, and by a
change in technical efficiency of -3.8 on a five year average. So the productivity increase of
manufacturing subsectors in Mexico are a result of a technological change rather than a change in
technical efficiency.
Table 2: Malmquist index summary of annual means
All manufacturing
subsectors
1988/1993

Technical efficiency change
index
1.005

Technology change
index
1.185

Malmquist productivity change
index
1.192

1993/1998

0.958

1.067

1.022

1998/2003

0.937

1.071

1.003
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2003/2008

0.950

1.214

1.153

All years mean

0.962

1.132

1.090

Source: Developed from the 1989, 1994, 1999, 2004 and 2009 INEGI economic censuses

An individualized analysis of results allows observing a very different behavior among manufacturing
subsectors. Of the 20 sub-sectors under study, 17 show positive changes in total factor productivity,
including those intensive factors, capital and labor. Notably, these increases in the index are the result of a
strong positive technological change combined with a positive change in technical efficiency in 10 subsectors and negative in 7 (Table A3 in Appendices).

Printing and related
industries
Manufacturing of textiles, 1.600
Basic metal industries
except apparel
Manufacturing of wearing
1.400
Chemical industry
apparel
1.200
Manufacturing of leather
Manufacturing of machinery
1.000
products, leather and…
and equipment
0.800
Manufacturing of products
based of non-metallic…

0.600

Manufacturing of electricity
generation and appliances…

0.400
0.200

Paper industry

Other manufacturing
industries

0.000

Manufacturing of metal
products

Beverage and snuff industry

Manufacturing of textile
inputs

Timber industry

Computer industry,
communication, and…
Manufacturing of furniture
Plastics and rubber industry
and related products
Manufacturing of transport
equipment
Food industry

Source: Developed from the 1989, 1994, 1999, 2004 and 2009 INEGI economic censuses

Figure 1: Malmquist productivity

If we consider the evolution of total factor productivity (Figure 1), the fastest growing subsector, in
average terms, is printing and related industries with a Malmquist index of 1.45, while the Manufacturing
products subsector based on nonmetallic mineral has the lowest positive change with an index of 1.023,
which means that in the analyzed period, these industries have been placed on the efficient frontier due to
the adoption of technological improvements in the process of transformation of their inputs into outputs
and efficient exploitation of their technical resources.
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CONCLUDING REMARKS
According to the results of the Malmquist index we confirm that the positive changes in manufacturing
productivity in Mexico from 1988 to 2008 are the result of a change in the efficient frontier and to a less
extent of the approach to the frontier. Also, negative values in technical efficiency change are observed,
contributing to the decrease in productivity growth in Mexican manufacturing sub-sector..
The results of technical efficiency allow us corroborating that those subsectors with negative changes are
those which base their productivity growth on technological change. Therefore, if sub-sectors manage to
eliminate their technical efficiency, around fifty percent of manufacturing could achieve positive rates in
terms of total factor productivity.
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APPENDICES
Table A1: Results of technical efficiency by manufacturing subsector, 1988-2008
1988
1993
1998
2003
Unit
Score Unit
Score Unit
Score Unit
04
100 21
100 07
100 07
06
100 17
100 04
100 04
05
100 05
100 06
100 06
08
100 14
100 14
100 14
01
100 01
100 16
100 17
19
100 11
100 17
100 19
11
100 19
100 11
100 01
14
95.03 02
88.07 19
100 11
17
89.31 04
84.71 01
94.83 18
12
80.03 06
83.61 02
91.16 16
16
79.92 20
83.55 18
81.07 20
20
78.66 16
81.61 05
80.03 05
15
75.81 18
72.73 12
74.24 02
02
72.88 08
65.7 21
74.06 08
21
72.86 09
63.47 08
71.4 12
18
66.92 12
57.43 20
68.88 09
03
58.5 15
55.37 15
63.39 21
07
53.59 07
55.21 09
52.87 15
13
47.18 03
43.08 03
50.54 13
09
12.88 13
37.86 13
42.54 03
Mean
79.18
78.62
82.25

2008
Score
100
100
100
100
100
100
100
100
99.44
94.06
89.56
84.42
83.58
78.32
66.46
59.78
58.36
56.67
41.68
34.02
82.32

Unit
07
06
05
14
17
11
20
19
04
01
16
21
18
08
15
02
12
03
09
13

Source: Developed from the 1989, 1994, 1999, 2004 and 2009 INEGI economic censuses

Table A2: Manufacturing subsectors
01
02
03
04
05
06
07
08
09
11
12
13
14
15
16
17
18
19
20
21

Food industry
Beverage and snuff industry
Manufacturing of textile inputs
Manufacturing of textiles, except apparel
Manufacturing of wearing apparel
Manufacturing of leather products, leather and substitute materials, except apparel
Timber industry
Paper industry
Printing and related industries
Chemical industry
Plastics and rubber industry
Manufacturing of products based of non-metallic minerals
Basic metal industries
Manufacturing of metal products
Manufacturing of machinery and equipment
Computer industry, communication, and measurement and other equipment, electronic components and
accessories
Manufacturing of electricity generation and appliances and electrical accessories
Manufacturing of transport equipment
Manufacturing of furniture and related products
Other manufacturing industries
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Score
100
100
100
100
100
100
97.81
96.29
90.79
88.44
84.7
79.72
69.9
63.08
57.79
53.38
51.96
51.79
42.99
22.97
77.58

Table A3: Geometric mean changes in technical efficiency, technology and Malmquist productivity by
Manufacturing Subsector 1988-2008
Subsector
Techni
Malmqu
cal
Technol ist
efficie ogy
producti
ncy
change vity
chang index
change
e
index
index
09 Printing and related industries
1.322 1.097
1.450
14 Basic metal industries
1.038 1.204
1.249
11 Chemical industry
1.000 1.220
1.220
16 Manufacturing of machinery and equipment
0.993 1.147
1.138
18 Manufacturing of electricity generation and appliances and electrical
1.092 1.130
1.134
accessories
21 Other manufacturing industries
1.034 1.091
1.128
02 Beverage and snuff industry
0.913 1.211
1.106
07 Timber industry
1.003 1.093
1.096
17 Computer industry, communication, and measurement and other equipment,
1.025 1.066
1.092
electronic components and accessories
20 Manufacturing of furniture and related products
1.010 1.059
1.069
19 Manufacturing of transport equipment
0.904 1.169
1.057
12 Plastics and rubber industry
0.902 1.164
1.049
01 Food industry
0.924 1.131
1.045
03 Manufacturing of textile inputs
0.864 1.200
1.037
15 Manufacturing of metal products
0.934 1.111
1.037
08 Paper industry
0.837 1.227
1.027
13 Manufacturing of products based of non-metallic minerals
0.833 1.228
1.023
06 Manufacturing of leather products, leather and substitute materials, except
0.937 1.058
0.991
apparel
05 Manufacturing of wearing apparel
0.983 1.007
0.990
04 Manufacturing of textiles, except apparel
0.886 1.074
0.952
Mean
0.962 1.132
1.090
Source: Developed from the 1989, 1994, 1999, 2004 and 2009 INEGI economic censuses
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ABSTRACT
As energy prices and environmental concerns increase, the need to improve water processes is badly needed. The
aim of this study is to measure the performance of water industry for 2004 and 2008. The analysis encompasses
plants in most of the 32 states of Mexico. Three models to assess water industry efficiency were applied. Such
models were the radial efficiency, cost efficiency and revenue efficiency. Efficiency scores were calculated with each
model. As a result, a ranking in best practices is obtained. Thereby, evidencing improvement opportunities for most
decision making units.
Keywords: Water industry; Mexico; radial efficiency; cost efficiency; revenue efficiency.

INTRODUCTION
As population increases and standards of living improve, limited natural resources become insufficient to
satisfy human demands. However, engineering has been adapted to the demands of a society more
concerned with environment, by adding sustainability as a general objective. The essentials for
sustainability are environmental protection as well as economic and social development.
Within natural resources, freshwater and energy are indispensable for human well-being and socioeconomic development. Moreover, water and energy are tightly interlinked and are highly interdependent,
this linkage is known as the water-energy nexus. Water is required in production, transportation and
energy generation. Likewise, energy is necessary for extraction, treatment and distribution of water, as
well as to discharge wastewater. Furthermore, water and energy are also interdependent; whatever choices
are made in one of them will have direct and indirect consequences for the other.
By year 2030, urban population in Mexico is expected to concentrate in 35 cities and to surpass half the
total of the country’s population (Olivares and Sandoval 2008). As urban population increases, inner-city
areas will become more vulnerable to water utility related problems. Thus, the urgent need to improve the
urban water cycle becomes more evident.
In addition, water industrial processes involve high costs for society. In Mexico 70% of water treatment
plants perform a conventional clarification that includes a combination of coagulation, sedimentation,
filtration and disinfection. Other treatments include reverse osmosis, removal of iron and manganese,
among others methods (CONAGUA 2011).
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Low efficiency in water treatment and distribution has brought about problems to most cities in the
Mexican Republic. Additionally, efficiency is directly linked to cost containment and cost reduction.
Furthermore, increases on energy prices and environment pollution concerns, highlight the need for
processes improvement.
The first part of this paper deals with previous studies. The second presents a summary of data and
variables. The third section involves a description of models applied. Results are shown in the four
section and some concluding remarks are displayed on the fifth and last section.
PREVIOUS STUDIES
In fact, only few papers have been written about water plants in Mexico. Among them, the following
stand out:
According to Quadri de la Torre, G. (2008), a realistic pricing scheme would permit an efficient water
distribution. In addition, an advantage should be taken of an already existing technological frontier.
Institutional framework must be adjusted to market efficiency requirements, equality and ecological
equilibrium in order to achieve international quality and efficiency standards.
In Lutz and Salazar (2011) an analysis of physical, commercial and global efficiency of Mexican urban
water utilities for the 2002-2008 period, is carried out. Physical efficiency is greater in large cities, while
commercial efficiency and revenue are greater in localities with higher metering coverage.
From service supply side point of view, Alliance to Save Energy (2003) maintains that water supply
systems offer multiple opportunities to directly reduce water losses and energy consumption, in such a
way the water systems better serve the consumer. Likewise, from demand side point of view, water
systems encourage consumers to a more efficient use of water. In addition, water reserves required are
reduced, which results in further savings of both water and energy.
Rosas (2010) reports that from the analysis of 12 energy audits in Latin America concludes that the
potential average savings of energy is 23 per cent. The establishment of energy efficiency programs in all
companies studied, could potentially reduce greenhouse gases by 97,100 tons of carbon dioxide per year.
Furthermore, according to Rosas (2011) there are great opportunities to reduce costs by implementing
measures such as replacement of pumps and motors that operate with low efficiency with high efficiency
equipment. Likewise, installation of variable speed drives and improving power factor, are required.
Furthermore, it is shown that, on average, the time to recover the necessary investment to achieve better
use of energy, is less than two years.
DATA AND VARIABLES
While the input variables include expenses and number of employees, the output variables were
production (m3) and electricity (undesirable). Variable returns to scale were assumed. Despite the lack of
information, data was available for two years, 2004 and 2008. Figures for seventeen states were gathered
for the former and twenty seven for the latter. Summary statistics for both periods are shown in tables 1
and 2.
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Table 1: Summary statistics 2004
Variable

OUTPUTS

INPUTS

Y1
Water production (m3)

Y2
Electricity
(thousands MXN)

X1
Expenses
(MXN)

X2
Employees

Mean

6.75E+07

9.73E+04

2.07E+08

2.27E+03

Standard error

1.34E+07

1.15E+04

4.78E+07

3.39E+02

Median

3.95E+07

9.47E+04

1.20E+08

2.45E+03

Standard
deviation
Sample
variance
Kurtosis
Asymmetry
coefficient
Range

5.51E+07

4.74E+04

1.97E+08

1.40E+03

3.04E+15

2.25E+09

3.88E+16

1.95E+06

-0.79
0.75

-0.37
0.23

-0.17
1.02

-0.31
0.58

1.75E+08

1.71E+05

6.27E+08

4.83E+03

Minimum

6.75E+06

1.54E+04

1.31E+07

3.15E+02

Maximum

1.82E+08

1.86E+05

6.40E+08

5.14E+03

Sum

1.15E+09

1.65E+06

3.52E+09

3.86E+04

17

17

17

17

Statistics

Count

Table 2: Summary statistics 2008
Variable
Statistics

OUTPUTS
Y1
Y2
Water production (m3)
Electricity
(thousands MXN)

INPUTS
X1
Expenses
(MXN)

X2
Employees

Mean

1.23E+08

2.26E+05

5.83E+08

3.38E+03

Standard error

1.95E+07

3.37E+04

1.42E+08

5.29E+02

Median

1.12E+08

1.84E+05

3.37E+08

3.28E+03

Standard
deviation
Sample
variance
Kurtosis
Asymmetry
coefficient
Range

1.01E+08

1.75E+05

7.38E+08

2.75E+03

1.03E+16

3.07E+10

5.44E+17

7.55E+06

1.06
1.16

1.68
1.49

2.68
1.8

9.47
2.61

3.92E+08

6.71E+05

2.71E+09

1.37E+04

Minimum

8.99E+06

2.90E+04

5.73E+06

6.50E+02

Maximum

1.82E+08

1.86E+05

6.40E+08

5.14E+03

Sum

1.15E+09

1.65E+06

3.52E+09

3.86E+04

17

17

17

17

Count

MODELS
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Three models were applied: radial efficiency, cost efficiency and revenue efficiency.

Output oriented radial efficiency model with undesirable output
min ρ =

1−α
wg β + wb γ
1+
wg + wb

𝑠. 𝑡. (1 – 𝑎) 𝑥0 − 𝑋1 − 𝑠 − = 0 ,
g

Y g λ − ( 1 + β ) y0 − s g+ = 0
Y b λ − ( 1 − γ ) y0b + s b+ = 0

Where g indicates good outputs, b stands for bad outputs, wg represents weight of good outputs and wb is
the weight of bad outputs. 𝛽 is omitted in the input oriented model, and 𝑎 is omitted in the output oriented
model.

Cost efficiency model
cx ∗
Cost efficiency =
cx0
cx ∗ = min cx
s. t. x ≥ Xλ , y0 ≤ Yλ, λ ≥ 0,
ci,j is the price of xi,j

Revenue efficiency model
Revenue efficiency =

ry0
ry ∗

ry ∗ = max ry
s. t. x0 ≥ Xλ, λ ≥ 0,
ri,j is the price of yi,j

RESULTS
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Efficiency scores for radial efficiency model are shown in table 3. According to results for this model,
Aguascalientes, Coahuila, Colima, Durango, Michoacán, San Luis Potosí and Sonora seem to be the most
efficient DMUs.
Table 3: 2004 Radial efficiency model (Output oriented)
No.

DMU

Score

1

Ags

1

2

BC

0.732117

3

Chih

0.673522

4

Coah

1

5

Col

1

6

Dgo

1

7

Gto

0.66369

8

Mich

1

9

Mor

0.738975

10

Nay

1

11

Pue

0.715771

12

Qro

0.630668

13

Sin

0.983008

14

SLP

1

15

Son

1

16

Tamps

0.911454

17

Ver

0.761812

Likewise, the radial efficiency model, with 2008 data, displays Campeche, Chihuahua, Colima, Durango,
Jalisco, Oaxaca, Puebla, Tlaxcala and Yucatán as the most efficient states in water industry. Efficiency
scores for the present model are shown below in table 4.
Table 4: 2008 Radial efficiency model (Output oriented)
No.

DMU

Score

1

BC

0.666547

2

Camp

1

3

Chih

1

4

Chis

0.564105

5

Coah

0.580993

6

Col

1

7

Dgo

1

8

Gro

0.677224

9

Gto

0.581049

10

Hgo

0.56206

11

Jal

1

12

Edomex

0.679315

13

Mich

0.966043

25

14

Mor

0.631472

15

NL

0.931509

16

Oax

1

17

Pue

1

18

Qro

0.686797

19

Q.Roo

0.557144

20

Sin

0.758739

21

SLP

0.543088

22

Son

0.701456

23

Tamps

0.868401

24

Tlax

1

25

Ver

0.73814

26

Yuc

1

27

Zac

0.642348

Dendrogram from Radial Efficiency 2008
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Figure 1: Dendrogram from radial efficiency 2008.

Similarly, figure 1 shows a technical drawing known as dendrogram. Such a figure, form clusters of states
according to the estimated level of efficiency measured by the scores assessed for each model. At the left
branch, the more efficient DMUs are clustered.
On the other hand, as long as the cost efficiency model is concerned, with 2004 data, Chihuahua,
Coahuila, Guanajuato, Michoacán, San Luis Potosí and Sonora turn out to be the best cost efficiency
ones, as shown in table 5 below.
Table 5: 2004 Cost efficiency model
No.

DMU

Score

1

Ags

0.514904

2

BC

0.237887

3

Chih

1

4

Coah

1

5

Col

0.53112

6

Dgo

0.719892

7

Gto

1

26

8

Mich

1

9

Mor

0.464285

10

Nay

0.814388

11

Pue

0.734616

12

Qro

0.357098

13

Sin

0.485554

14

SLP

1

15

Son

1

16

Tamps

0.678811

17

Ver

0.56222

However, in running the same model with 2008 data, as shown in table 6, Jalisco, Oaxaca, Puebla, and
Yucatán appear to be the cost efficiency leaders. The state clusters can be found in figure 2, shown below,
which depicts a dendrogram produced for the cost efficiency model.
Table 6: 2008 Cost efficiency model.
No.

DMU

Score

1

BC

0.130005

2

Camp

0.061384

3

Chih

0.740584

4

Chis

0.021129

5

Coah

0.016465

6

Col

0.164742

7

Dgo

0.091791

8

Gro

0.014438

9

Gto

0.012711

10

Hgo

0.306006

11

Jal

1

12

Edomex

0.2182

13

Mich

0.869121

14

Mor

0.032592

15

NL

0.32085

16

Oax

1

17

Pue

1

18

Qro

0.014533

19

Q.Roo

0.091159

20

Sin

0.195516

21

SLP

0.114293

22

Son

0.139728

23

Tamps

0.249538

24

Tlax

0.250854

25

Ver

0.066774

27

26

Yuc

1

27

Zac

0.1685

Figure 2: Dendrogram from cost efficiency 2008.

For the revenue efficiency model, Aguascalientes, Coahuila, Colima, Durango, Michoacán, Nayarit, San
Luis Potosí and Sonora turned to be the most revenue efficient states as long as 2004 data is involved.
Table 7: 2004 Revenue efficiency model.
No.

DMU

Score

1

Ags

1

2

BC

0.28849

3

Chih

0.594091

4

Coah

1

5

Col

1

6

Dgo

1

7

Gto

0.596732

8

Mich

1

9

Mor

0.739336

10

Nay

1

11

Pue

0.576049

12

Qro

0.606148

13

Sin

0.788787

14

SLP

1

15

Son

1

16

Tamps

0.796205

17

Ver

0.606958

On the other side, the same model with 2008 data, highlights Baja California, Campeche, Chiapas,
Colima, Durango, Jalisco, Oaxaca, Puebla, Tlaxcala and Yucatán as the best revenue efficiency DMUs.
Results are shown in table 8. Likewise, DMUs clusters are depicted in figure 3 below.
Table 8: 2008 Revenue efficiency model
No.

DMU

28

Score

1

BC

1

2

Camp

1

3

Chih

0.239818

4

Chis

1

5

Coah

0.413597

6

Col

1

7

Dgo

1

8

Gro

0.385613

9

Gto

0.460848

10

Hgo

0.413345

11

Jal

1

12

Edomex

0.59706

13

Mich

0.966279

14

Mor

0.531182

15

NL

0.865064

16

Oax

1
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Figure 3. Dendrogram from revenue efficiency 2008.

CONCLUSIONS
Three models to assess efficiency were applied. Such models were the radial efficiency, cost efficiency
and revenue efficiency. It was found that the three models showed an adequate capacity of discrimination.
Efficiency scores were calculated with each model. In addition, dendrograms were depicted to show
clusters of states with similar characteristics as long as the efficiency parameters are concerned.
29

It is important to note that at large, Michoacán, Puebla, Oaxaca, Jalisco and Yucatán seemed to be the
most efficient water industry states. The efficiency benchmarking in providing water utilities could be
helpful on defining public policies about incentives to improve cost and revenue efficiencies.
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ABSTRACT
In this research, is calculated the efficiency of 32 public universities in Mexico in 2012 from a comparative analysis
of methodologies for Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) with Maximun
Likelihood (ML). Regarding DEA, it is calculated by pure technical efficiency, scale efficiency and overall technical
efficiency, applying bootstrap to give robustness to the calculations. DEA is a nonparametric method that envelops
observations in order to identify a “frontier” that is used to evaluate decision-making unit and examine its position
relative to the optimal situation. Meanwhile SFA involves a production function for cross-sectional data with an
error term with two components: one for measuring the random effect (v); and another to measure technical
inefficiency (u). The results show higher levels of efficiency with DEA than SFA. When it has used VRS DEA, the
efficiency score with bootstrap was 77%, while SFA the inefficiency score was 54%. The efficiency score of CRS
DEA with bootstrap was 71% - inefficiency of 29%. This score approximates the DEA and SFA measurements;
however differences in the results of the implementation of these two techniques are still significant.
Keywords: Universities, Technical Efficiency, DEA, SFA

INTRODUCTION
Education is very important in the development of a country, because human capital is a key factor in
economic growth. The national policy of the last ten years has given greater emphasis to the promotion of
academic quality, which is why many schools have incorporated selection examinations for admission
and implement projects to modernize the institutional infrastructure and educational innovation and tasks
such as updating programs and training of academic staff.
The educational policy of the country has made it a priority to raise the quality of education at different
levels, implementing several programs to provide them with infrastructure, improving teaching schedules,
as well as the quality of their training and performance (Mayston & Jesson, 1988), (Ruggiero, 1996).
Specifically, the analysis of higher education has be engaining strength, which it has implemented some
srategies of the National Development Plan to assess educational programs in order to increase their level.
Currently, Mexico has a large and diverse system of higher education,including public and private higher
education institutions, such as universities, technical institutes, technical universities, polytechnic
universities, pedagogical universities, intercultural universities, research centers, normal schools and
specialized education center (SEP,2014). The importance of having tools that help to evaluate the
efficiency level is because they are decisive to have a proper implementation of educational policies to
streng then the sector level (Athanassapoulos and Shale,1997). It is in this direction the present study
aims to use the Analysis of Data Envelopment (DEA) and Stochastic Frontier Analysis (SFA) in the
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evaluation of the efficiency of the public universities in Mexico in 2012, working in both DEA and SFA
model with the same inputs and outputs.
The working hypothesis is that "in 2012, public universities of higher level in Mexico were not efficient
because they did not use optimally financing to raise number of enrolled, the professors, the professors
with doctorate degree, the number of doctors belonging to the National System of Researchers, total ISI
articles publicated and total graduates. "
METHODS
To determinethe efficient frontier, parametric methods (econometric models) and nonparametric
(mathematical programming) can be used. Empirical studies on production frontier analysis have
distinguished two main approaches production models Stochastic Frontier Analysis (SFA) and Data
Envelopment Analysis (DEA) (Ahn, Charnes, & Cooper, 1988).
Econometrics (SFA) estimates an unknown probability on the relationship of input-output production
using a functional form characterizing the data.The mathematical programming approach is less
restrictive, but instead makes observations to define best practices for the efficient frontier (Coelli, 1999).
In the DEA methodology, variations between actual units and the frontieris attributed to inefficiency,
while in the econometric approach this variation reflects the inefficiency and random error.
DATA ENVELOPMENT ANALYSIS (DEA)
Efficiency analyzed under the nonparametric method of Data Envelopment Analysis (DEA) was initiated
by Farrell (1957) and reformulated as a mathematical programming problem by Charnes, Cooper and
Rhodes (1978).
DEA methodology belongs to the group of so-called frontier methods in which production is evaluated
for production functions, which means the maximum possible level of output with a determinated
combination of inputs or the minimum necessary inputs to produce a certain level of outputs (Coelli et al.
1996).
Farrell focused the problem of efficiency in its estimate from the observed data in the production units,
providing an analytical framework to the neoclassical concept of "Pareto efficiency". In his work he
distinguished between technical efficiency and allocative efficiency. In any production process, technical
efficiency oriented inputs is given by the lowest amount of inputs necessary to achieve a determined
volume of outputs. More over, a firm is allocatively or price efficient when it is combined inputs in the
proportion that minimizes their costs. In the technical efficiency inputs and outputs in physical units are
compared, in the ellocative efficiency the prices of the inputs are added. The combination of these two
factors provides a measure of efficiency called "economic" or "overall".
The DEA models can be classified according to:


The type of efficiency measure to provide: radial and non-radial models.



The orientation of the model input-oriented, output-oriented or input-output oriented.
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The types of returns to scale production technology characterized and understood as the way in which
factors of production can be characterized by the existence of returns to scale: constant or variable.

TECHNICAL EFFICIENCY.
The literature on technical efficiency has its origin in the early years of the decade of the 50's. The first
formal definition of technical efficiency is due to Koopmans (1951, p. 460) "is one in which an increase
in any outputs requires a reduction in at least one of the remaining inputs or increasing any of the inputs,
and the first measure of technical efficiency is given by Debreu (1951) and Shephard (1953), although
with different orientation (output and input, respectively).
Farrell studies (1957) are supplemented with the work of Charnes, Cooper and Rhodes (1978), which
started from CRS Constant Returns to Scale, so that a change in the levels of inputs leads to a
proportional change in the level the output, which requires many optimizations as decision units (DMU).
DEA Model can be written in general terms in 3 ways: fractional, multiplicative and envelope.The CRS
model in its envelope form is as follows:
𝜃 ∗ = min 𝜃 𝜆𝜃

(1)

St. 𝑌𝜆 ≥ 𝑌𝑖
𝑋𝜆 ≤ 𝜃𝑋𝑖
𝜆≥0,
Where 𝜃 denotes the distance in the envelope input data, that is the measure of efficiency. X is the matrix
of inputs, Y is the matrix of outputs, 𝜆 is the vector of weights or intensities, 𝑋𝑖 , 𝑌𝑖 represent the values of
inputs and outputs respectively.
Later, Banker, Charnes and Cooper (1984) extended the original model to include variable returns to scale
(VRS). Whereas various circumstances such as imperfect competition, restrictions on access to funding
sources,etc., can cause the units not to operate at optimal scale, this model proposes a modification to the
original linear program to which you add a restriction: 𝑁1´𝜆 = 1. This restriction allows a single unit to be
inefficient compared to production units of the same size. Without this restriction, the evaluated units can
be compared to other larger or smaller units. The input-oriented model in its surrounding form is as
follows:
𝜃 ∗ = min 𝜃 𝜆𝜃

(2)

St . 𝑌𝜆 ≥ 𝑌𝑖
𝑋𝜆 ≤ 𝜃𝑋𝑖
𝑁1´𝜆 = 1
𝜆≥0
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A measure technical efficiency under variable returns, it also means pure technical efficiency, because no
scale effect is included in this measurement (Thanassoulis, 2001). So from the proposal of Banker,
Charnes and Cooper (1984), it is possible to decompose efficiency as follows:
Global Technical Efficiency (CRS) =
a) Pure Technical Efficiency (VRS)
b) Scale Efficiency
SCALE EFFICIENCY
Scale efficiency measures the impact of scale size on the productivity of a DMU. In order to do so it must
calculate two models: CRS and VRS on the same data. If there is a difference in the two measurements
for a particular DMU, then it means that the DMU has scale inefficiency and inefficiency value is the
difference between CRS and VRS measurement (Coll & Blasco, 2006).
The overall technical efficiency (ETG) can be decomposed into pure technical efficiency (PTE) and scale
efficiency (EE) (Glass & McKillop,1995).
Thus the ETG = ETP * EE
It can also be defined as follows:
Scale Efficiency:
Where:

=

Overall Technical Efficiency (CCR)
PureTechnical Efficiency (VRS)

CCR = Constant Returns to Scale
VRS = Variables Returns to Scale

STATISTICAL ANALYSIS FOR DEA MODELS
One criticism is that DEA model assumes that all distances between the observed and the efficient
frontier efficiencies reflect inefficiency. However, the distance of an observation of the efficient frontier
reflects inefficiency and noise.This is because the input-output observation, should normally be subject to
error.
The bootstrap is a statistical tool that was introduced by Efron (1979) to analyze the sensitivity of
efficiency measures to a sample of variation. Later, Park and Simar (1992) provided the first application
in the context of border used the bootstrap to incorporate the semiparametric estimation of panel data
models. However, adapting the bootstrap consistently estimates the DEA was first formulated by Simar
and Wilson (1998).
Model DEA, in what we call the real world, estimated a production frontier and relative to the efficiency
measures obtained by the sample. This border known that by construction, will be located inside the
actual set of production possibilities.That is, between the true production function estimated by the DEA
will be a bias. This bias will be different for each company and is the one that will approximate the
bootstrap (Simar and Wilson, 2000).
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To do this it needs to generate a sample which can obtain an estimate of the true value of the role of the
border in order to determine the bias that each firm can obtain by subtracting the estimated efficiency
with the original DEA obtained with the bootstrap. If we repeat this process several times, we have
infinite bootstrap boundaries which are always compared with the same real boundary. For each
company, therefore we will have infinite bootstrap efficiency measurements and if we properly estimate
the data generating process, the distribution of bootstrap bias of each company should be similar to what
occurs in the real world (Simar & Wilson 2004).
Estimation of Stochastic Frontier
The procedure for calculating the production frontier through parametric measurement is the Stochastic
Frontier. This boundary was developed by Aigner, Lovell and Schmidt (1977) and Meeusen and Van den
Broeck (1977). Methodologically the procedure is as follows: a function of efficient operation is
postulated, in this case is the Cobb Douglas, in which disturbance noise and efficiency are assumed, a
probability distribution for these disturbances efficiency is formulated and using maximum likelihood is
postulated parameters of interest and it is calculated efficiency.
The stochastic frontier model is:
𝛾 = 𝛽´𝑥 + 𝑣 − 𝑢, 𝑢 = |𝑈|

(3)

Where 𝛾 is the expected result, 𝛽´𝑥 is the deterministic part of the frontier, where it is assumed that the
error term has two components, v and u, (v- u for production functions, v+ u for cost functions) where v is
a variable that captures the normally distributed random noise with the idea that the deviations from the
frontier are not fully under the control of the producer.The term u is the variable that measures the
inefficiency (Greene, 1996).
The production or cost model is based on a Cobb-Douglas, translog or otherwise of the logarithmic
model, where the formula is:
Log 𝑌 = 𝛽´𝑥 + 𝑣 − 𝑢

(4)

Where components of x are generally logs inputs. For aproduction model outputs logs and inputs prices
are talking of a cost function. In this way u represents the proportion by which Y has failed to achieve the
goal, which is the proportion or percentage of inefficiency (Horrace & Shimidt, 1996).
To estímate the stochastic frontier can be decided using ML (Maximum Likelihood) and perform all
estimates at once, or use MOLS (Modified Ordinary Least Squares) In this paper the stochastic frontier is
determined using Maximum Likelihood (ML) (Greene, 1999).
When it estimates the ML border, is necessary to make assumptions about both random components from
the outset. To build the likelihood function we need the density function 𝜀𝑖 = (𝑣𝑖 − 𝑢𝑖 ). The density
function arises from the following integral:
∞

∞

𝑓(𝜀) = ∫ 𝑓(𝑢, 𝜀)𝑑𝑢 = ∫
0
2

0
𝜀

2
𝑢2
(𝜀 − 𝑢)2
𝑒𝑥𝑝 [− 2 −
] 𝑑𝑢
2𝜋𝜎𝑢 𝜎𝑣
2𝜎𝑢
2𝜎𝑣2

𝜀𝜆

𝑓(𝜀) = 𝜎 𝜙 (𝜎) Φ ( 𝜎 )

(5)
37

Where 𝜎 2 = 𝜎𝑢2 + 𝜎𝑣,2 𝜆 =

𝜎𝑢
,𝜙
𝜎𝑣

(. ) 𝑦 Φ (. ) are probability density functions and cumulative of the

standard normal. Using equation (5) the likelihood functionis obtained:

1

𝜋

𝜀𝑖 𝜆

2

2

𝜎

𝐼𝑛𝐿 = − 𝐼𝑛 ( ) − 𝐼𝐼𝑛𝜎 + ∑ 𝐼𝑛𝜙 {

}−

1
2𝜎 2

∑𝑖 𝜀𝑖2

(6)

After the estimation of the stochastic frontier either MOLS or ML, the next step is to obtain a measure of
efficiency for each university.
The problem here is to extract the information that 𝜀𝑖 has of 𝑢𝑖 . One solution to this problem was
considered by Jondrow, Lovell, Materov and Schmidt, (1982), since they show that given 5𝑓(𝑢/𝜀) is
distributed as 𝑁 + (𝜇∗ , 𝜎 ∗2 ), and can be used as a point estimator de 𝑢𝑖 . Taking into account that the
residuals in this model are the main ingredient in the efficiency estimator, or that we calculate using the
formula Jondrow:
E[𝑈|𝑣 − 𝑢|]
𝐸̂ {μ|𝜖}

𝜎𝜆
𝜙(𝑤)
[
1+𝜆2 1−𝜙(𝑤)

− 𝑤] , 𝜀 = 𝑣, 𝑤 =

𝜀𝜆
,
𝜎

= 𝜎√𝜎𝑣2 + 𝜎𝑢2 = 𝜆

𝜎𝑢
𝜎𝑣

(7)

Once obtained 𝑢𝑖 , estimation, technical efficiency (TE) of each university is given by the ratio between
actual production and estimated stochastic border, as shown in the following formula:
𝐸𝑇𝑖 =

𝑌𝑖
𝑓(𝑥1𝑖, 𝑥2𝑖,… 𝑥𝑘𝑖 ;𝛽) exp(𝑣𝑖 )

= exp(𝑢𝑖 )

(8)

RESULTS AND DISCUSSIONS
In this section the methodological design and results considered in this work are presented.
It starts with the DEA model to calculate overall technical efficiency, pure technical efficiency, scale
efficiency with constant returns to scale (CRS) and variable returns to scale (VRS) oriented input, so,
optimization of inputs which are reduced as much can to be more efficient because they are intended to
minimize inputs for a given amount of outputs.
For the DMU selection, 32 public universities of Mexico were identified for 2012, and considering those
receiving federal or state funding being sampled as follows: Universidad Autónoma de México, Instituto
Politécnico Nacional,Universidad de Guadalajara, Universidad autónoma de Nuevo León, Universidad
Autónoma Metropolitana, Universidad Autónoma de Baja California, Universidad Autónoma del Estado
de México, Benemerita Universidad Autónoma de Puebla, Universidad Autónoma de
Chihuahua,Universidad Autónoma de Sinaloa, Universidad Michoacana de San Nicolás de Hidalgo,
Universidad Autónoma de Tabasco, Universidad Autónoma del Estado de Hidalgo, Universidad
Autónoma de Tamaulipas,Universidad de Guanajuato, Universidad de Sonora, Universidad Autónoma de
38

Querétaro,Universidad Autónoma de Coahuila,Universidad Autónoma de San Luis Potosí, Universidad
Autónoma de Zacatecas, Universidad Autónoma de Aguascalientes, Instituto Tecnológico de
Sonora,Universidad Autónoma Benito Juarez de Oaxaca, Universidad del Estado de Durango,
Universidad de Colima, Universidad Autónoma de Nayarit, Universidad Autónoma de Chapingo,
Universidad Autónoma de Baja California Sur, Instituto Tecnológico Autónomo de México, Universidad
Autónoma de Campeche, El Colegio de México and Universidad de Quintana Roo.
To build the model we used the following inputs y outputs:
Inputs:


Funding

Outputs:


Total Enrollment



Professors



Doctors



Doctors in SNI



ISI Article Publication



Total Graduates

Subsequently to give robustness to the efficiency calculations, the bootstrap technique is applied, with
2000 iteractions to get more reliable results.
STOCHASTIC FRONTIER
In this paper the stochastic frontier is determined using Maximum Likelihood (ML) and subsequently to
determine the inefficiency of universities according to the formula of Jondrow et al. (1982) previously
exposed and it will be used a as normal average distribution.
Dependient Variable: Funding
Independient Variables:


The total enrollment: those who compose the sum of enrollment in undergraduate and graduate levels.



Professors: Total teachers



Doctors: Teachers with doctoral degree.



Doctors at SNI: The professors who form part of the national research system.



Publication of articles ISI: The publications referred impact factor by teachers.



Graduate Total: This entry includes both graduate and undergrate students.

DEA model results are in Table 1 and they have shown that the mean variable returns to scale efficiency
with the original model is 87% and the application of the bootstrap is 77%, and for efficiency constant
returns the original model had an average efficiency of 80% and the bootstrap applied was 71%.
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After applying the bootstrap technique in the VRS and CRS models none of the universities obtained an
efficient value, however the Autonomous University of Querétaro was the one which reached the closest
to the optimum value of 92%; on the opposite side was the University of Chapingo the least efficient. As
for the Universidad Michoacana de San Nicolás de Hidalgo, it started off in the 9th place with 87%
efficiency.
The results of scale efficiency were the largest with an average efficiency and adjusted (once to bootstrap
was applied) of 94%, which means that most universities had an optimum production scale. However they
were technically inefficient because of the 32 universities analyzed 78% can operate with fewer inputs,
that is, they require less FUNDING in proportion to enrollment, doctors, doctors in the SNI, publications,
graduates that they are currently handling. In the specific case of the Universidad Michoacana, it can be
efficient with $ 91.46 million less than it is currently receiving in proportion to the products already
mentioned.
Table 1: Technical Efficiency Bootstrapping 2012
DMU
Universidad Nacional Autonoma de Mexico
Instituto Politecnico Nacional
Universidad de Guadalajara
Universidad Autonoma de Nuevo Leon
Universidad Autonoma Metropolitana
Universidad Autonoma de Baja California
Universidad Autonoma del Estado de Mexico
Benemerita Universidad Autonoma de Puebla
Universidad Autonoma de Chihuahua
Universidad Autonoma de Sinaloa
Universidad Michoacana de San Nicolas De
Hidalgo
Universidad Juarez Autonoma de Tabasco
Universidad Autonoma del Estado De Hidalgo
Universidad Autonoma de Tamaulipas
Universidad de Guanajuato
Universidad de Sonora
Universidad Autonoma de Queretaro
Universidad Autonoma de Coahuila
Universidad Autonoma de San Luis Potosi
Universidad Autonoma de Zacatecas
Universidad Autonoma de Aguascalientes
Instituto Tecnologico de Sonora
Universidad Autonoma Benito Juarez De Oaxaca
Universidad Juarez del Estado de Durango
Universidad de Colima
Universidad Autonoma de Nayarit
Universidad Autonoma Chapingo
Universidad Autonoma de Baja California Sur
Instituto Tecnologico Autonomo de Mexico
Universidad Autonoma de Campeche
El Colegio de Mexico
Universidad de Quintana Roo

Origin
al DEA
VRS

VRS Bias
corrected

Original
DEA
CRS

CRS Bias
corrected

Original
Scala
Efficiency

1
0.7625
1.0000
1.0000
1.0000
1.0000
1.0000
0.7288
1.0000
0.7494

0.7935
0.6992
0.9179
0.8242
0.7949
0.8085
0.8930
0.6736
0.7957
0.6928

0.8438
0.5587
0.6160
0.8386
1.0000
1.0000
0.9635
0.6675
1.0000
0.6839

0.7623
0.5116
0.5677
0.7669
0.8182
0.8470
0.9069
0.6205
0.7275
0.6465

0.8440
0.7330
0.6160
0.8390
1.0000
1.0000
0.9640
0.9160
1.0000
0.9130

Scala
Efficiency
Bias
Corrected
0.9607
0.7316
0.6185
0.9305
1.0293
1.0476
1.0156
0.9212
0.9142
0.9331

1.0000

0.8722

1.0000

0.8677

1.0000

0.9948

0.9205
0.9414
0.6829
1.0000
0.8658
0.9764
0.5493
1.0000
0.8051
0.8809
1.0000
0.5925
0.7661
0.6644
0.8107
0.4607
1.0000
0.8891
0.8048
1.0000
1.0000

0.8812
0.8794
0.6325
0.8799
0.8133
0.9257
0.5225
0.8681
0.7615
0.8248
0.9004
0.5627
0.7231
0.6275
0.7443
0.4290
0.8238
0.8300
0.7459
0.7991
0.8921

0.9105
0.9385
0.6803
1.0000
0.8544
0.9696
0.5394
1.0000
0.7966
0.8559
0.9895
0.5674
0.7438
0.6508
0.7288
0.4189
0.9086
0.7687
0.5844
1.0000
0.7400

0.8595
0.8532
0.6144
0.8321
0.7878
0.9011
0.5002
0.8444
0.7398
0.7824
0.9098
0.5224
0.6936
0.6072
0.6174
0.3704
0.8452
0.6782
0.5230
0.6991
0.6812

0.9890
0.9970
0.9960
1.0000
0.9870
0.9930
0.9820
1.0000
0.9890
0.9720
0.9890
0.9580
0.9710
0.9800
0.8990
0.9090
0.9090
0.8650
0.7260
1.0000
0.7400

0.9754
0.9701
0.9715
0.9456
0.9687
0.9734
0.9573
0.9726
0.9716
0.9487
1.0104
0.9284
0.9592
0.9676
0.8296
0.8635
1.0260
0.8171
0.7012
0.8749
0.7636

Source: Personal compilation based on DEA results.

40

Measuring the inefficiency from the Universities of Mexico in 2012 with the model SFA is shown in
Table 2. They obtained a mean of 0.54 of inefficiency, of which in 19 universities their average values
were up and only 20 % values were closest to the optimum efficiency result.
Table 2: Inefficiency SFA Model from the Universities of Mexico 2012
E[u|e]
Universidad Autónoma de México

0.5577

Instituto Politécnico Nacional

0.6822

Universidad de Guadalajara

0.9200

Universidad autónoma de Nuevo León

0.2142

Universidad Autónoma Metropolitana

0.2299

Universidad Autónoma de Baja California
Universidad Autónoma del Estado de México
Benemerita Universidad Autónoma de Puebla

0.1441
0.2846
0.3321

Universidad Autónoma de Chihuahua

0.6706

Universidad Autónoma de Sinaloa

0.5967

Universidad Michoacana de San Nicolás de Hidalgo

0.8882

Universidad Autónoma de Tabasco

0.7769

Universidad Autónoma del Estado de Hidalgo

0.0954

Universidad Autónoma de Tamaulipas

0.7158

Universidad de Guanajuato

0.7353

Universidad de Sonora

0.6222

Universidad Autónoma de Querétaro

0.4147

Universidad Autónoma de Coahuila

0.5779

Universidad Autónoma de San Luis Potosí

0.2109

Universidad Autónoma de Zacatecas

0.7212

Universidad Autónoma de Aguascalientes

0.2210

Instituto Tecnológico de Sonora

0.9694

Universidad Autónoma Benito Juarez de Oaxaca

0.9897

Universidad del Estado de Durango

0.4358

Universidad de Colima

0.2374

Universidad Autónoma de Nayarit

0.7329

Universidad Autónoma de Chapingo

0.8426

Universidad Autónoma de Baja California Sur

0.0897

Instituto Tecnológico Autónomo de México

0.5562

Universidad Autónoma de Campeche

0.8510

El Colegio de México

0.9946

Universidad de Quintana Roo
Source: Personal compilation based on SFA results.

0.0657
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COMPARISON OF THE RESULTS OF THE DEA AND SFA MODELS
The results show that measures of efficiency based on DEA model with constant and variable returns to
scale adjusted with bootstrap were mostly higher than those obtained in the stochastic frontier. There were
five universities that obtained higher efficiency values with SFA method which were the Autonomous
University of Baja California, the Autonomous University of Hidalgo State, the University of Colima,
Autonomous University of Baja California Sur and Quintana Roo University, all with an efficiency very
close to optimal.
DEA models with CRS and VRS bootstrap had a level of inefficiency of 22% and 28% respectively and
with the SFA model, the level of inefficiency obtained was of 54%. Importantly, all models applied in any
of the three models were not efficient. The reason for the inefficiency is due to improper use of financial
resources, which are not being utilized optimally according to the number of entering students as well as
teachers with doctoral level of SNI, publications and graduate students at the higher level.
The results obtained in this research show similarities with other studies that have been made in this
direction, as is the case of Fiorentino, Karmann and Koetter (2006) and McMillan & Chan (2006), who
mention differences in results obtained from both DEA and SFA methods due to various causes: some
attribute it to factors such as discrepancy and heterogeneity in institutions. Other reasons are not equal
such as because the boundary is slightly adjusted to DEA data and finally they mentioned that DEA
results are very sensitive to outliers.
CONCLUSIONS
In this work is presented the measurement of technical efficiency models using Data Envelopment
Analysis (DEA) with bootstrap technique to provide robustness to data and Stochastic Frontier Analysis
(SFA) using maximum likelihood. To calculate the efficiency, a DEA model Constant Returns to Scale
and Variable Returns to Scale oriented input is developed. The DMU's used were 32 public universities in
the country, using as input the total federal and state funding received as outputs: total enrollment, total
professors, the number of doctors who are teachers, the number of doctors in the National System of
Researchers, ISI publications of articles and total graduates.
The results obtained with the DEA methodology show similarities between the original DEA VRS- CRS
models and the same models with bootstrap technique used. However, with the last technique applied to
any university was efficient although there were universities which obtained values close to the optimum
as the was the Autonomous University of Querétaro and the University of Guadalajara, while in the first
case there were efficient DMUs. As for the SFA model, it was possible to obtain the level of inefficiency
of each university being able to state that in general in all the universities factor funding not being
properly exploited because any universities were technically efficient.
Models DEA VRS and CRS with bootstrap had a level of inefficiency of 22% and 28% respectively, and
the level obtained inefficiency with model SFA was 54%. For this, the hypothesis is true, since in the
three models reviewed the results show that "public universities at higher level in Mexico were not
efficient in 2012, because they did not use optimally financing to raise enrollment, total professors, the
number of doctors, the number of doctors belonging to National System of Researchers, publications ISI
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articles and total graduates". Finally, with respect to the various studies that have been made in the
measurement of efficiency DEA and SFA in universities, the following conditions are met:
a) In Mexico studies have not been developed using these two methodologies together for the analysis of
efficiency.
b) In relation to studies of other countries with these methodologies, in this work pure technical
efficiency, scale technical efficiency and global technical efficiency with bootstrap is presented. The
last one technique is not covered in other studies in education of higher level in Mexico.
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ABSTRACT
The objective of this paper is to measure the ability and effort of collecting taxes and own income by state. For this
purpose, we use the method of stochastic frontier regression for panel data in order to estimate the levels of both
capacity and fiscal effort for each state. It is found that the socioeconomic determinants of tax effort do not operate
in the same direction and with the same intensity for both the own income and taxes. Changes are also observed in
the distribution pattern of the levels of tax effort by state for both taxes and own income. It is clear that a reform of
the fiscal federalism should consider factors related with fiscal capacity, the state needs and the fiscal effort of the
entities.
Keywords: fiscal capacity; fiscal effort; Mexico; stochastic frontier.

INTRODUCTION
In the first decade of the XXI century a number of studies and research aimed at the investigation of the
techniques used for measuring capacity and fiscal effort of the states were made. Another direction was to
establish correlations between indicators of capacity and fiscal effort with financial, economic and social
variables. In this regard, we consider an upgrade of measures for capacity and fiscal effort; however, the
econometric technique of stochastic frontier regression for panel data is used. Because of availability of
data the period of analysis encompasses from 2005 to 2009 which permitted to integrate the array of
variables and indicators.
The objective pursued by measuring capacity and fiscal effort by state is to generate inputs so as to
contribute to the discussion and analysis of fiscal reform with a federalist orientation in Mexico, given the
lack of outstanding changes to modify the condition of fiscal centralization.
STUDIES MEASURING CAPACITY AND FISCAL EFFORT BY STATE IN MEXICO
Studies and research that have been applied to measure capacity and fiscal effort in the states have been
conducted with the aim to propose adjustments in financial relationships between federal government and
state governments. Among the most remarkable papers on this topic are those by Sobarzo (2003), Aguilar
(2003, 2006), Rabell (2006) and Ahmad et al (2007).
In order to summarize the main methodological aspects of the previous studies and research carried out to
measure capacity and fiscal effort by state, the following analytical framework is performed:
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Table 1. State of the art on the measurements of capacity and fiscal effort in each federal entity in Mexico
Author

Data base
variables

Methodology

Limitations

Results

Sobarzo
(2003)

Federal and
state tax,
except the ones
for oil exports
and foreign
trade.

An effective average rate is
calculated for every tax that
includes the states that apply it.
This rate is multiplied by the tax
base, this will generate the tax
capacity per state. The fiscal
effort is determined by taking the
percentage from the tax collection
regarding fiscal capacity.

Tax bases
selection are
subjective
(there's no proof
of statistical
significance).

There's performance
deterioration of every
tax regarding its tax
base, which allows
room for tax policy.

Aguilar
(2003,
2006)

GDP,%
industrial/GDP,
state Gini, total
and urban
population as
well as
inflation.

Stochastic borderline regression
with data panels. Parameters
estimates by maximum
likelihood.
Frontier 2.0 program.

It doesn't take
into account the
differential
impact
of the GDP per
capita in the
fiscal capacities.

Calculation of tax
effort from 1992 to
2007
(Aguilar,2003)
calculation of fiscal
effort from 1992 to
2004
(Aguilar,2006)
favorable proposal to
fiscal
decentralization
from state and
municipality capitals.

Rabell,
(2006)

Use own
revenues to
measure
capacity and
fiscal effort by
state.

Fiscal capacity is defined as SER
per person income tax that would
be collected by a government if it
applied the average rate of all
governments. To normalize this
concept calculation is divided by
the number of taxes that would be
obtained if the average rate of tax
applied based.tax effort tax rate
applies an entity to the average
tax base of all entities to verify
how much revenue had been
collected. The result is
standardized by the average
income of the states (RRS).

The calculation
is global and does
not allow tax
policy. GDP per
state is taken as
the tax base.

Correlations of the
variables of capacity
and fiscal effort with
financial variables
and socioeconomic
indicators are made
Find positive
correlation between
states and federal
Shares fiscal effort
and the opposite for
federal grants.

Source: Sobarzo (2003). Aguilar (2003, 2006). Ahmad et all (2007). Rabell (2006).

Even though there is a diversity of the utilized techniques to measure the levels of capacity and fiscal
enforcement by state, it is worth mentioning that the works realized, under the restrictions of the
instruments, deliver an effort to make precise estimations and ad hoc to the pursued objectives.
Rabell’s work deserves merit for the granted relevance to the public finances investigation method.
Nevertheless, we have opted to use the stochastic regression technique for panel data for being the least
subjective in the determination of the factors that affect tax collection.
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Furthermore, the principal limitation from the jobs inspired by ACIR methodology is that they are onevariable studies and take the GDP per state as tax base. The ones that disaggregates the tax bases have the
problem of explicit or implicit steadiness of every income source and to become studies that are based in
the average to measure maximum fiscal capacity.
Fiscal capacity estimates using stochastic borderline regression method allows to infer a maximum
likelihood parameters and it is also a varied method that incorporates several socioeconomic determinants
in education.
THE PROBLEM WITH FINANCIAL DEPENDENCE ON LOCAL GOVERNMENTS
In the periods between 2004 and 2008 the participation of the state governments own income in
comparison to total income it hasn't varied, which shows immobility and even decline in the last year
once the reform has been applied to field 28of participations with the introduction of the new distribution
formula to state government resources.
It was found that the states own income percentage in comparison to all the states total income stablished
a differentiated relation. In particular to the governmental unit in Mexico City it is the only that stands out
with a 36.3%, but this indicator must be nuanced because Mexico city's delegations are incorporated in
comparison to the rest of the federal entities, that aren't incorporated to the municipalities. The rest of the
federal entities have coefficients less than 6.7%, which confirms again the previous statements about the
lack of financial autonomy.
Another stylized fact of state finances reveals the lack of relations between fiscal autonomy and net
expenditure per capita. This situation expresses the null relationship between the level of tax autonomy
and net expenditure per capita as there are states with low degree of fiscal autonomy and low levels of net
spending per capita, well as states with low degree of autonomy and low levels of expenditures per capita
net.
THE STOCHASTIC FRONTIER MODEL
The model we use is based on the work of Battese and Coelli (1992). This model assumes that the data
consist of a sample of N units in T periods. The stochastic frontier production that is widespread is:
Yit = exp(Xit B + Vit- Uit)
where:
Yit represents the max product of the i-esima unit in T periods
X it is a vector (1*k) whose values are functions of inputs and other explicit variables
and other explanatory variables for the unit i-th in T periods
The Vit are independent and identically distributed random errors
distributed as N (0, σ2) . The Uit are not negative and unobservable
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random variables associated with technical inefficiency in production. That is, that given the
technological level and given the combination of inputs, product observed (in the presence of Uit) may be
below potential.
In the case of the application of stochastic functions for estimating the capacity and fiscal effort frontiers,
applications have been made for the case of states, municipalities that are capitals and municipalities for
Mexico.
The advantages of this method has two tributes: a. compatibility between the concept of tax capacity and
the estimation of the maximum level of tax levying, defined as the maximum level of collection obtained
with an efficient exploitation of the tax base, given the prevailing socioeconomic conditions of house unit
of government. b. comparison between the observed and potential revenue to determine the level of fiscal
effort of each unit of government the main difference with respect to the functions of production frontiers,
is that in defining the stochastic residue, the following aspects are considered:
it= u it + eit
where
Uit = N (0, σ2)
eit = N(μ, σ2)
The two components are stochastic residual or disturbance uit and eit. While Uit is a stochastic component
typically associated with effects of tax policy. Meanwhile Eit is also stochastic and is related to each
specific unit of government such as efficiency or effort of collection characteristics. Thus, the difference
between fiscal capacity and levying observed are determined by the stochastic component e it. Therefore,
fiscal effort can be obtained by competition between observed and tax levying capacity
Eit= Rit/ Rit*
Where:
Eit = Fiscal effort of each government unit at time t
Rit = Collection observed each government unit at time t
Rit*= Potential collection or fiscal capacity of each unit of government at time t
Thus, the fiscal effort may be determined by the following expression:
Eit = exp (-eit)
Imposing the condition that the eit are not negative, so the fiscal effort is negative and has the limits 0 and
1, which avoids the problem of other methods of estimating fiscal capacity that give negative values. This
means that the tax capacity is 100% or higher revenue limit.
For RTS methods (Tax Representative System) and RRS (representative revenue system) originally used
by ACIR in the United States, the values are negative.
ESTIMATION MODEL
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Structuring of the database
For the elaboration of the panel data, we follow the methodology of type 1 Battese and Coelli (1995),
which is completed in 4.1 Frontier manual program and establishes a standard Cobb Douglas function
right through linearized natural logarithms.
dependent variable:
Ln Collection
ti independent variables:
Ln GDP per state,
population ti Ln,
Ln inflation
The deflator used for the transformation of nominal variables to real ones was the Implicit Price Index
GDP of the states based 2003.This procedure was applied in almost of collection and GDP per state.
Economic participation rates were determined as a percentage of the economically active population
among the population of working age of 14 and more years.
Occupancy rates in the informal sector are determined as a percentage of the working population working
for an economic unit operating from household resources, but not considered as businesses, that activity
mode has no identifiable situation and independent of that household. The population figures are
population estimates by state from the projections made by the National Population Council by state.
According to the results published, maximum credible estimates of the function corresponding to the state
tax, which are presented in the following table, parameters can be seen that the value of gamma (y) and
upper confidence level of 95% to allow state that the estimate of the border the collection of state taxes is
adequate. A value of gamma (y) closest to one and not meaning would indicate the existence of a
deterministic frontier, which would make it possible to use the standard Cobb Douglas classical
regression for parametric estimation.
The critical value of the χ2 with 3 degrees of freedom is 7.95 with a confidence level of 95%. Since the
value of X2 is 167.01 we accept the model fit as most appropriate Also the coefficients have the expected
signs and most of the coefficients of the independent variables were significant. All tests together enable
us to state that a traditional representation by a regression by ordinary least squares, which would be a
typical response, not suitable for a representation of the data.
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Table 2: Stochastic frontier regression including taxes

MODEL RESULTS FOR STATE TAXES
Socioeconomic variables play a role important in determining the ability tax states as a whole, is the case
GDP per capita, population and the rate of economic participation that have a positive effect and highly
significant for the collection of taxes. However, the rate of informal employment and inflation has a
negative effect on taxation, although we can not claim to be statistically significant.
One reason why inflation has been losing weight on the erosion of tax bases, it is because state
governments have taken steps in recent years to index the Index National Consumer Price various taxes,
which has cushioned the effect that have had on the tax factor dredging. As for the negative impact of
informal employment, there is no doubt that its impact is negative in levying the tax. Probably no
incidence affects the state farms, which basically charge indirect taxes or aperiodic (holding translational
movable domain, hosting and raffles, etc), which affect mostly the middle and upper classes.
MODEL RESULTS WITH OWN INCOME
The second test was conducted, is to determine how feasible is to estimate the maximum likelihood
parameters for a function of state own revenues. For this purpose, first we check the value of gamma (y)
and its 95% confidence level, which turns out to be highly significant, which justifies the conclusion that
the boundary estimate the collection of own revenue is adequate. That is, the stochastic component
residue is explained by differences in the effort of collection of own revenues by state.
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Table 3: Stochastic frontier regression, including own income

Similarly, the model has a reasonable adjustment for the value of the χ2, which is above the critical value
of the χ2, with 3 degrees of freedom is 7.95 with a confidence level of 95%. Therefore, since the value of
χ2 is 115.2 accept the fit of the model as more appropriate than that proposed by the ordinary least
squares model. In this case the sign of the coefficients is as expected, with the exception of economic
rates were negative.

Two factors explain the negative relationship of the rate of economic activity income by
themselves: 1) payment of duties is preferably optional or voluntary, and 2) active management
of the treasury.
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Figure 1: Fiscal capacity and population 2008.

Figure 2:Fiscal effort and population 2008
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Moreover, the model confirms the importance of socioeconomic variables as determinants of the
collection of own revenues. In particular, they were highly significant for GDP per capita, the rate of
informal employment and inflation negative impact on revenue collection.
Table 4: Correlations between net expenditure per capita, fiscal variables and state GDP

CONCLUSIONS
The model confirms the importance of socioeconomic variables as determinants of tax collection and own
income. In particular, they were highly significant in determining tax collection per state both GDP per
capita and population, having a positive effect. While the economic activity rates, the rate of informal
employment and inflation; had a negative impact on revenues.
In the case of own revenue, also plays an important role consider the same socioeconomic variables of
own revenue, also plays a role the same socioeconomic variables considered in the previous case of taxes.
The fact that the rate of economic activity has in the case of own income a negative impact on the
collection of own income tax difference in having a positive impact, probably due to the rights and
contributions are voluntary or voluntarily payment of taxes as non-compulsory.
Among the significant correlations were found, highlight the net expenditure per capita and tax effort, as
well as the high correlation found between fiscal capacity and population. Also has established a ranking
of capacity and fiscal effort by state that accounts for changes in the time asymmetric distribution of the
data.
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ABSTRACT
This paper presents an attempt of comparison of productivity for the Mexican banking sector in two different
periods: the 2007-2011 period of global financial crisis and the 2003-2006 stage, which can be regarded as a
relatively stable period. The purpose of this study is to disclose whether the global financial crisis affected the
Mexican banking productivity. Three data envelopment models (DEA) are tested, in order to assess whether there is
a significant difference between the productivity patterns of Mexican banks before and after the financial crisis.
Such models are the radial Malmquist Index, the non-radial and slacks based model and non-radial and nonoriented. Essentially, no significant difference of productivity indicators for both foreign and domestic banks was
found. Likewise, no significant difference between the pre and after crisis periods was perceived, as far as
productivity indicators are concerned. Therefore, the global financial crisis was effectless in banking operation.
Keywords: Banking productivity; Financial contagion; Financial crisis; Financial liberalization; Malmquist index

INTRODUCTION
In the summer of 2007 the first global financial panic of the 21st century was sparked. In January 2009,
losses of financial institutions assets were estimated at 700 billion dollars. The global stock market losses
exceeded thirty billion dollars. The stock market index of the five hundred largest companies in the world,
the S&P500, had fallen 39 percent in 2008, the NASDAQ 42 percent and 35 percent the Dow Jones.
The financing capacity of global financial system had declined significantly in 2008 compared to 2007.
The issuance of securities for debt funding fell 37.7 percent compared to previous year. Indeed, an
unprecedented decline in the last twelve years. The stock issuance was dramatically reduced by 73
percent for the same period specified above. This implied a reduction in bond issues of 269.86 billion
dollars and 148.1 billion decline on stock financing.
The goal of this study is to find out whether the global financial crisis affected the Mexican banking
productivity. Firstly, this paper deals with the models to measure productivity. The second part presents
some results on banking productivity. The third element offers some lessons from the Mexican case.
Finally, some concluding remarks are given in the last section.
MEXICAN BANKING SECTOR BACKGROUND
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In the last decades the Mexican banking system has undergone several transformations. Private banks
were nationalized in 1982 and in the period 1991-92 the banking system was privatized. In 1994 the
North America Free Trade Agreement (NAFTA) was in force. From 1994 onwards banking investment
was opened to foreign capital. Several restrictions were imposed under NAFTA covenants for overseas
participation in the banking sector. While such limitations were supposed to last until 2000, they in fact
were lifted during the Mexican financial crises that took place in 1995. After the crisis, foreign
investment became predominant in the Mexican banking sector. Nowadays, the Mexican financial system
includes 42 private banks, most of them foreign.
The financial liberalization process encompassed several reforms in order to enhance efficiency as well as
to increase productivity in the financial system. Although 1989 is established as the year of the beginning
of financial liberalization, in fact, since 1979 the Bank of Mexico introduced an auction system to
determine the interest rate that would be paid to commercial banks for deposits they hold in the central
bank. The financial liberalization process led to market based mechanism instead of a system based on
quantitative credit controls and interest rate regulation. In 1989 the Mexican financial system underwent
several legal reforms. It is important to stand out the admissibility of foreign investment participation in
Mexican financial institutions´ equity.
Financial liberalization took place at a moment when Mexican banks conditions were not the best. The
banking system was suffering from a growth crisis as well a low degree of capitalization. Thus, making
them vulnerable to the greater risk that liberalization involved.
During the financial liberalization period, not only growth of the banking system was furthered, but also
the interest margin improved. In addition, a decrease on market concentration was observed. Despite the
risk levels went up, operational expenditures efficiency improved. However, as there was a sharp increase
in interest expenditures, bank capitalization deteriorated.
The process of banking privatization occurs from June 1991 to July 1992. Nine banks were privatized
during the first year, and another nine, in the second year. The control recovery of banks by their
shareholders modified their attitude on risk taking. Under control of government commercial banks
tended to be relatively conservative. Nevertheless, more aggressive levels of credit risk were observed on
the new conditions.
Bank privatization increased interest margin, as well as profitability. Likewise, bank capitalization
improved, and greater operational efficiency was achieved. Although interest expenditures declined in
comparison to interest income, higher level of credit risk showed up. At the same time, a decrease in
asset growth was experienced.
In 1994, once NAFTA became in force, a diagnosis of the Mexican financial system was carried out. As a
result, national intermediaries were found to be at a relative disadvantage with regard to foreign
counterparts. Domestic institutions showed lower levels of productivity and a greater market
concentration.
It was expected that under the threat of new participants after NAFTA, national intermediaries would be
compelled to enhance efficiency of their operations, as well as to improve quality of their services. Hence,
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the justification of granting Mexican banks with a six-year grace term in order for them to achieve a
higher degree of competitiveness.
The macroeconomic instability together with the peso devaluation experienced at the end 1994 and the
political turmoil at the beginning of the same year, brought about a sharp decline in financial margins.
Furthermore, the economic contraction rocketed credit risk. The banks' operating costs went up as a result
of an increase in non-performing loans. Moreover, as international funding became scarce, money in the
local market resulted even more expensive. The systemic crisis has cost taxpayers more than 17 per cent
of GDP. The Saving Protection Bank Fund (FOBAPROA) amounted to 118 billion dollars of fiscal
resources that were allocated to purchase nonperforming loans originally granted by private banks.
ORIGIN OF THE GLOBAL FINANCIAL CRISIS
A description of the chain of events that led to the first global financial crisis of the 21st century is
presented below. Clearly, the epicentre of such a crisis is located in the United States of America.
Kindleberger (1996), an economist who studied financial panics in the United States, found that during
the 19th century, financial tremors occurred every ten years: 1816, 1826, 1837, 1847, 1857 and 1866.
Speculative bubbles begin with a displacement of interest toward some lines of business. Most companies
usually move to sectors on vogue. If profits exceed losses, the sector´s boom has begun. The latter is what
has happened with housing loans in the United States and other countries during the last years.
Among factors associated with the boom is a monetary policy that favors it. During the 2001-2005 period
the United States enjoyed low interest rates. Furthermore, countries whose current account had surplus,
such as China, supported this policy by purchasing stock market assets in the United States to hedge
against the dollar appreciation risk. Other aspects that could also have exerted their influence on a
booming situation are financial deregulation, tax policies during the second Bush administration,
especially tax decreases for second home purchasers and tax benefits for those who had the highest
income (Chin, 2009).

Figure 1: US effective federal funds rate (1955-2013)

FINANCIAL DEREGULATION
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In several countries it has been found that there is a relationship between banking crisis and financial
liberalization, as stated by Demirgüç-Kunt and Detragiache (1998). Furthermore, if regulatory and
supervision institutions are week, consequences are even worse. Since deregulation processes took up, the
world has experienced several crises, as Laeven and Valencia (2008) have listed. A table of the different
types of crises from 1970 to 2007 is presented in Table 1 below.
Table 1: Financial crises 1970-2007
Crisis type

Total

Banking crises

124

Foreign exchange crises

208

Debt crises

63

Double crises

43

Triple crises

10

In the United States experience, financial deregulation reached its highest point in the nineties. Moreover,
during the recent financial crisis, despite strong regulating institutions, there existed market participants
excepted of capital requirements. For instance, banks are required to have a minimum capitalization level
based on their holdings of risky assets; however, investment banks are an outstanding exception.
As far as structured financial products are concerned, supervision was week. Furthermore, most credits
were backed with low quality loans. Financial innovations had come to satisfy a house building financial
fever, which ended up in a huge amount of packaged bad loan known in the financial jargon as subprime
securities. Even more, systemic risk effects were not foreseen and several stages of the selection process
of households receiving such loans, completely failed.
NEW BANKING MODEL
Credit expansion adopted a variety of forms. In particular, the house financing boom was accompanied by
changes in the financial system structure. Additionally, new financial instruments emerged and financial
intermediaries´ business strategy changed. What Kindleberger called euphoria, was the sharp growth of
house prices due to speculation in the first stage. Not only specialized banks in housing loans came into
play, but also traditional banks, investment companies, hedge funds, rating agencies and so for, became
involved.
Banks abandoned the traditional “to originate and to maintain” model. That is, banks reduced risk taking
of lent capital and took up the “to originate and to distribute” model, which implies transferring risk to
other market stakeholders.
Furthermore, several banks established a network of subsidiary institutions. Such figures were specially
designed to serve as promoters of security issues without incorporating them into their balance sheets.
Hence, evading both, capital requirements, as greater risk exposure is undertaken, and tax obligations that
security sales entails.
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STRUCTURED FINANCIAL PRODUCTS
New financial products are created by the issuance of securities based on former housing loans.
Subsequently, housing loans are grouped according to their default probability. Next, mortgages are
divided into sections, in order to sell them as debt bonds. Once packaged securities are designed, they are
allocated around the world to institutional investors, such as insurance companies, pension and hedge
funds.
Prime loans have acceptance among financial institutions because they are allocated to customers with no
history of default. The loan usually amounts from 60 to 80 percent of the value of a housing unit. The
rating of these loans is of 700 FICO (Fair Isaac Corporation) points and upward. On the other side,
subprime loans are mortgages with such features that they attract low income borrowers. Said loans are
granted in excessively onerous terms. Often borrowers´ payment capacity is exceeded. Therefore, the
rating score of these loans is fairly low, between 500 and 600 FICO points. The lower the loan’s rating,
the greater the default risk and the greater the interest rate paid. The typical customer for these types of
housing loans has a history of default. Most of them had filed for bankruptcy 3 to 5 years before. Standard
borrowers observed a debt to income ratio of about 40 per cent. Likewise, the loan to housing unit value
ratio amounted to more than 80 per cent.
Table 2: Housing indicators in the USA
Indicator

2007T3

2007T4

2008T1

2008T2

2008T3

Price index variation
Actual residential construction ($ BN)
Actual residential construction (% change)
Defaults (all loans)
Attachments initiated in the trimester (all loans)
Defaults (prime loans)
Attachments initiated in the trimester (prime loans )
Defaults (subprime loans)

-1.8
445.3
-5.6
5.59%
0.78%
3.12%
0.37%
16.31%

-5.3
411.6
-7.6
5.82%
0.83%
3.24%
0.41%
17.31%

-6.6
383
-6.9
6.35%
0.99%
3.71%
0.54%
18.79%

-2.2
369.6
-3.5
6.41%
1.19%
3.93%
0.67%
18.67%

-3.5
353.7
-4.3
6.99%
1.07%
4.34%
0.61%
20.03%

Mortgage loans were created with sale purposes. The newly created securities were sold out through
structured investment vehicles (SIV's). SIV's are entities devoted to special purposes. For instance, Real
Estate Mortgage Investment Conduits (REMICs,) not only issue residential mortgage backed securities
(RMBS), but also commercial mortgages-backed securities (CMBS), bonds, securities and other
investment instruments to be resold. By and large, institutional investors, such as pension and fixed
income funds, are typically the buyers.
As far as residential mortgage backed securities (RMBS) are concerned, they were converted in Credit
Default Swaps (CDS), which are default risk hedging instruments. Also RMBS were transformed into
credit debt obligations (CDO’s). Such instruments were used to secure the issuance of CDO’s square and
the latter, in turn, to issue CDO’s cube. These instruments belong to the group of what is called the
“shadow banking system”, since it is not possible to identify the composition of the risk they involve,
especially as regards liquidity and solvency. It is evident that there is an immoderate expansion of
leverage through securities that only in the end have the eventual mortgage payment guaranty. According
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to Johnson and Kwak (2010), a total volume of private mortgage backed securities grew from $11 billion
in 1984 to over $200 billion in 1994, as well as to close to $3 trillion in 2007. These securities were very
profitable and generated important income volumes. Rating agencies classified these securities as nonrisk securities without considering the possibility that the prices of the underlying assets, housing, could
drop and that consequently, borrowers would stop paying.
Table 3: Global issuance of Credit Debt Obligations (CDOs)
Year
CDOs ($M)

2005

2006

$271,803.30

2007

$520,644.60

2008

$481,600.70

$56,093.00

Underlying Guarantees
High yield loans

$71,205.70

$171,905.90

$138,826.60

$23,735.30

Investment grade bonds

$4,044.90

$24,864.50

$78,571.10

$14,750.20

High yield bonds

$3,074.40

$940.90

$2,150.80

-

$176,639.10

$307,704.90

$259,183.60

$16,645.40

$87.00

$20.00

-

-

$2,461.80

$761.70

$1,146.70

-

$14,290.40

$14,446.70

$1,721.90

$962.10

Structured finances
Mixed guarantees
Other swaps
Others

Likewise, lower quality loans (subprime) were commingled with others of a different quality, that is, were
integrated into structured financial products. Lastly, investors were unable to make out the true degree of
risk of the resulting products. Moreover, the rate of interest had been growing since 2005 and in 2007
housing prices had observed a sharp decline. Therefore, the default rate that subprime loans entailed was
increasing steadily. As a result, the AAA (no risk) degree given by rating agencies to bonds secured by
these loans could no longer be sustained.
In July 2007, rating agencies announced they would be downgrading some bonds linked to subprime
loans. Moody´s downgraded 399 bonds which had a value of 5.2 billion dollars and Standard & Poors
also reduced bond qualification for a value of 12 billion dollars. At the same time it announced that the
criteria to value said bonds would become more stringent. Here is where the euphoria ends and the phase
of rejection of said securities begins.
In November 2006, the ABX index was published. Such an index reflected the risk weighting of the
different sections comprised in residential mortgage bonds. The ABX index was an indicator of default
possibilities of mortgage loan agreements and therefore, the value of subprime mortgages. Graph 2 shows
the price trend of an example of a mortgage bond section.
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Figure 2: ABX.HE. index

After bond downgrading announcement and the change of valuation criteria, investors lost credibility of
the rating agencies. Consequently, the stock exchange collapse begun, and in August 2007 the inter-bank
loan market suspended transactions. In fact, financial panic had started. Cessation of inter-bank loans
occurs because banks themselves had no reliable information on both the value of their own assets and
those of their counterparts. The asset opaqueness led to a loss of confidence to authorize loans to the
possessors of such assets spread in the global financial market.
Moreover, there is an index that provides an idea of the market panic experienced in those days. It is
called the “fear index”, because it measures the additional premium, over average, that has to be paid for
assets perceived as greater risk. The former index is called VIX index, and has been widely used to
measure market volatility since 1993; however, including market data as old as 1985, as shown in graph 3
below.

Figure 3: Market volatility index

PREVIOUS STUDIES
The Malmquist index has been widely used in previous studies to examine the sources of factor
productivity changes. For instance, Sufian (2012) found that Philippines banking sector exhibited a
productivity regress due to technological regress rather than efficiency decline during the period 1998 to
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2008. Sastrosuwito (2012) also found a decline in productivity growth during the financial crisis from
1997 to 1998 in Indonesian Banks. Abdul-Majid, M. et al (2011) employed stochastic frontier analysis
(SFA) and Malmquist Index to analyze Malaysian commercial bank performance during the period 19962002. The authors found that Malaysian Banks experienced moderate scale economies and a positive
productivity change of 2.68 percent. Isik and Hassan (2003) employing a non-parametric approach
attempted to measure efficiency and productivity of the Turkish bank sector between 1992 and 1996.
They found that there was a productivity loss of 17 percent in 1994. This year Turkey experienced a
severe financial crisis. The authors argue that the decline in productivity was mainly attributable to a
technical regress of 10 percent rather than efficiency decrease of 7 percent.
On the other hand, Bapat (2012) measured production efficiency through application of data envelopment
analysis and computation of efficiency scores for financial years 2007-2008 and 2009-2010. The author
observed that efficiency of Indian banks came down in the year 2008-2009. However, the period 20082010, was found relevant as some encouraging results showed up as an indication that Indian banking is
on a path of revival. Likewise, Sufian, Fadzlan and Muzafar Shah Habibullah (2010) made an attempt to
provide new empirical evidence on determinants of the Thailand banking sectors´ efficiency. They used
envelopment analysis approach to evaluate efficiency estimates. The results from the multivariate
regression analysis suggested that banks with higher loans intensity and better capitalized tend to exhibit
higher efficiency levels. On the other hand, the authors observed that credit risk is negatively related to
bank efficiency. Banker et al (2010) studied the impact of Korean banking system reforms on bank
productivity. They presented evidence documenting a differential impact of regulatory reforms on Korean
bank productivity over the period 1995-2005. Average technical efficiency of Korean banks decreased
during the financial crisis of 1997- 1998. In addition, capital adequacy ratio is positively associated with
technical efficiency.
THE THREE PRODUCTIVITY MODELS
In order to achieve comparison between the pre and after crisis periods and between domestic and foreign
banks, total factor productivity change (TFPCH) was decomposed and evaluated.
Three different
Malmquist index models were tested, the radial Malmquist Index (MI1), the non-radial and slacks based
model (MI2) and non-radial and non-oriented (MI3). All three models were run under the input oriented
approach, as well as on the assumption of constant returns to scale. As the three models are not
comparable among them, it is difficult to decide which one is the best.
The Malmquist index is used to evaluate productivity change of banks between two time periods. Such
change is called product “catch-up” and “frontier-shift” terms. The catch-up (or recovery) is related to the
firm efficiency. It is a term to assess the degree at which a firm attains efficiency improvements. On the
other hand, the frontier-shift (or innovation) reflects the change in the efficient frontiers surrounding an
enterprise between two time periods.
Firstly, a set of n banking firms is established, each one has inputs and outputs (x j, yj) (j=1,…,n) where
the vector xj ∈ Rm denotes m inputs and a set of q outputs denoted by a vector yj ∈ Rq over the periods 1
and 2. The notations (xo,yo)1 and (xo,yo)2 are employed for designating DMUo (0=1,…,n) in the periods 1
and 2 respectively.
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The production possibility set (X,Y)t (t = 1 and 2) spanned by {( xj, yj)t } (j=1,…,n) is defined by:
𝑛

𝑛

(𝑋, 𝑌)𝑡 = {(𝑥, 𝑦)| 𝑥 ≥ ∑ 𝜆𝑗 𝑥𝑗𝑡 , 0 ≤ 𝑦 ≤ ∑ 𝜆𝑗 𝑦𝑗𝑡 , 𝐿 ≤ 𝑒𝜆 ≤ 𝑈, 𝜆 ≥ 0 },
𝑗=1

𝑗=1

Where 𝒆 is the row vector with all elements equal to one and λ ∈ Rn is the intensity vector, and L and U
are the lower and upper bounds of the sums of the intensity respectively. The production possibility set
(X, Y)t is characterized by frontiers that are composed of (x, y) ∈ (X,Y)t such that is not possible to
improve any element of the input x or any element of the output y without worsening some other input or
output. This frontier is called the frontier technology at the period t. In the Malmquist index analysis, the
efficiencies of DMUs (xo, yo )1 and (xo, yo)2 are evaluated by the frontier technologies 1 and 2 in several
ways.
The Malmquist index (MI) is computed as the product of Catch-up and Frontier-Shift:
MI = (Catch-up) x (Frontier-Shift).
δ2 ((x ,y )2)

Catch-up = δ1 ((xo ,yo )1)
o

o

δ1 ((x ,y )1 )

1/2
δ1 ((x ,y )2 )

Frontier-Shift = [δ2 ((xo ,yo )1 ) X δ2 ((xo ,yo )2 )]
o

MI=[

o

o

o

1/2
δ1 ((xo ,yo )2 ) δ2 ((xo ,yo )2 )
X
]
δ1 ((xo ,yo )1 ) δ2 ((xo ,yo )1 )

THE RADIAL MI
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  0.
where Xs = (x1s , … , xns ) and Ys = (y1s , … , yns ) are respectively input and output matrices (observed data) at
period s. We solve this program for s = 1 and 2.
THE NON-RADIAL AND SLACKS-BASED MI
The input oriented slack-based measure (SBM) is introduced. The SBM evaluates the efficiency of
examinee (xo, yo )t for s = 1, 2 with respect to the evaluator set (X,Y)t for t = 1,2 with the following linear
program:
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where the vector s- ∈ Rm denotes input-slacks.
THE NON-RADIAL AND NON-ORIENTED MI
The models in this category deal with input and output slacks. The SBM models used for computing
𝛿 𝑡 ((𝑥𝑜 , 𝑦𝑜 )𝑠 ) are represented by the following fractional programs:
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DATA AND VARIABLES
The numerical data available was split in two periods: 2003-2006 and 2007-2011. The input variables
selected were: operating cost, non-financial expenses and deposits. Output variables were represented by
net profit, credit and profitable assets. Such information was gathered for all 33 banks. Performance is
measured so as to minimize expenditures, operating costs and deposit costs. Therefore, operating cost,
non-financial expenses and deposits are natural candidates as inputs variables. On the other hand,
adequate performance implies a maximization of profits, credit and profitable assets. Consequently, net
profit, credit and profitable assets are included as output variables. In addition, variable selection is
mostly associated to the intermediation approach.
Commercial banks were selected, which at the beginning of the study period were 24 and at the end
thereof, 33. Those banks are: Banamex, Serfín, Atlántico, Citibank, BBVA Bancomer, Santander, HSBC,
Get Money, Banco del Bajío, Ixe, Inbursa, Interacciones, Banca Mifel, Scotiabank, Banregio, Invex,
Bansi, Afirme, Banorte, Bancen, The Royal Bank of Scotland, American Express, Bank of America,
Bank Boston,Bank of Tokio-Mitsubishi, J.P. Morgan, Monex, Ve por Más, Bank One, ING, Deutsche
Bank, Banco Credit Suisse, Banco Azteca, Autofin, Barclays, Compartamos, Banco Ahorro Famsa,
Multiva, Actinver, Banco Wal-Mart, Bancoppel, ABC Capital, UBS, Banco Fácil, Deuno, Cibanco, The
Bank of New York Mellon, Banco Base, and Mercantil del Norte.
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HYPOTHESES
The null hypothesis that there is no significant difference in productivity between Mexican banks before
and after financial crisis was conjectured. Likewise, the null hypothesis that there is no significant
difference in productivity between domestic private banks and foreign banks was established.
RESULTS
Table 4 shows Malmquist index of productivity change for the three models during 2003-2011 period.
The index is calculated for foreign and domestic banks.
Table 4: Foreign and domestic banks’ productivity change before and after crisis
Period

Model 1
Foreign

Model 2

Domestic

Foreign

Model 3

Domestic

Foreign

Domestic

2003-2004

0.30

0.12

0.41

0.02

0.36

0.68

2004-2005

0.36

-0.02

0.21

-0.02

-0.36

0.47

2005-2006

0.09

2.98

0.32

2.02

-0.39

1.33

2006-2007

0.49

-0.36

0.54

-0.36

-0.06

-0.15

2007-2008

0.40

1.23

0.14

0.95

0.08

1.13

2008-2009

0.06

-0.58

0.30

-0.55

1.25

-0.48

2009-2010

-0.05

-0.02

-0.04

0.04

-0.02

0.70

2010-2011

0.10

0.07

0.02

-0.01

1.17

0.14

As long as model 1 is concerned, it is observed that while foreign banks productivity seems to be stable
throughout the whole period, the productivity for domestic banks appears highly volatile, which is evident
from graph 4.

Figure 4: Malmquist productivity change
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Graph 5 displays a similar pattern as the one in graph 4. In fact, fluctuations in productivity levels for
domestic banks, has been a permanent feature for the whole period of study as it is observed from a rough
inspection of model 1 and 2.

Figure 5: Malmquist productivity change

On the contrary, graph 6 displays an application of model 3 which shows high volatility in productivity
for both categories of banks in the Mexican market. One possible explanation for this discrepancy is that
Model 1 and 2 are input oriented while model 3 is non-oriented.

Figure 6: Malmquist productivity change

The Kruskall-Wallis test results are shown in table 5. Given the
-values calculated in columns 5 to 7,
the null hypothesis of no significant mean differences in productivities for the whole period 2003-2011
for domestic and foreign banks is not rejected under all three models. Likewise, same results are obtained
as far as technical change and efficiency change are concerned.
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Table 5: Foreign and domestic banks’ comparison (Kruskal-Wallis test 2003-2011)
Variable
MI1
MI2
MI3
TECHCH1
TECHCH2
TECHCH3
EFFCH1
EFFCH2
EFFCH3

Kruskal-Wallis

ρ-Values

Decision

0.706
1.335
0.540
1.588
1.864
2.824
0.176
0.044
3.188

0.420
0.262
0.481
0.181
0.604
0.093
0.689
0.842
0.072

Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected

The index for technical change is shown on table 6. The study period encompasses 2003-2011, three
models were tested for foreign and domestic banks, as mentioned before. Technical change has
experienced higher volatility in the case of domestic banks compared to foreign banks.
Table 6: Foreign and domestic banks’ technical change before and after crisis
Period
2003/2004
2004/2005
2005/2006
2006/2007
2007/2008
2008/2009
2009/2010
2010/2011

Model 1
Foreign
Domestic
0.16
0.13
0.42
-0.07
0.02
3.04
0.37
-0.43
0.37
1.16
0.05
-0.54
0.06
-0.01
0.03
0.01

Model 2
Foreign
Domestic
0.08
0.12
0.47
-0.12
-0.02
1.90
0.49
-0.35
0.27
0.65
-0.03
-0.59
0.18
-0.03
0.14
-0.05

Model 3
Foreign
Domestic
0.43
0.22
1.18
-0.16
0.35
1.56
0.34
1.05
0.11
-0.06
1.21
-0.65
0.10
0.00
0.67
-0.07

In order to measure efficiency, an index is calculated using data for period 2003-2011, whose growth rate
is presented in table 7. Change in efficiency, according to models 1 and 2, is more volatile in foreign
banks compared to domestic banks. However, when model 3 is applied, the situation is reversed.
Table 7: Foreign and domestic banks’ efficiency change before and after crisis
Period
2003/2004
2004/2005
2005/2006
2006/2007
2007/2008
2008/2009
2009/2010
2010/2011

Model 1
Foreign
Domestic
0.11
-0.03
-0.07
0.06
-0.03
-0.08
0.13
0.11
0.03
0.07
0.01
-0.13
-0.11
0.00
0.08
0.05

Model 2
Foreign
Domestic
0.31
-0.10
-0.22
0.14
0.21
-0.01
0.03
-0.02
-0.06
0.25
0.34
-0.04
-0.18
0.08
-0.07
0.03

Model 3
Foreign
Domestic
0.08
0.41
-0.51
1.07
-0.15
0.40
-0.03
1.48
2.78
17.62
1.00
0.29
-0.12
0.69
0.84
0.20

Table 8 presents the test for the period before the crisis 2003-2006. No significant difference was found
for productivity change, technical change and efficiency change in both types of banks. However, as for
Kruskal-Wallis test, when applying model 3, efficiency change turned to be significantly different for
both sorts of banks. Domestic banks underwent a higher increase in efficiency.
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Table 8: Foreign and domestic banks’ before crisis comparison
MI1
MI2
MI3
TECHCH1
TECHCH2
TECHCH3
EFFCH1
EFFCH2
EFFCH3

ρ-Value
0.429
0.280
0.078
0.429
0.604
0.080
0.604
0.429
0.005

Kruskal-Wallis
0.750
1.333
3.000
0.750
0.333
0.083
0.333
0.750
5.333

Decision
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Rejected

A performance comparison between foreign and domestic banks for the period after the crisis, is
displayed in table 9. No significant difference is disclosed in all three indicators, except for technical
change in model 3, as the null hypothesis is not rejected for the 2007-2011 period.
Table 9: Foreign and domestic banks after crisis comparison
MI1
MI2
MI3
TECHCH1
TECHCH2
TECHCH3
EFFCH1
EFFCH2
EFFCH3

ρ-Value
0.797
0.797
0.604
0.280
0.280
0.005
0.280
0.280
0.797

Kruskal-Wallis
0.083
0.083
0.333
1.333
1.333
5.333
0.083
1.330
0.083

Decision
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Rejected
Not rejected
Not rejected
Not rejected

A quick inspection of table 10, shows that the null hypothesis of no significant difference, for all three
models, for foreign banks, is not rejected in both periods, before and after crisis, for all three indicators.
Nonetheless, for model 2, productivity change resulted to be significantly different between both periods.
Table 10: Before and after comparison of foreign banks
MI1
MI2
MI3
TECHCH1
TECHCH2
TECHCH3
EFFCH1
EFFCH2
EFFCH3

ρ-Value
0.280
0.027
0.078
0.604
0.604
0.797
0.604
0.797
0.078

Kruskal-Wallis
1.333
4.083
3.000
0.333
0.333
0.083
0.333
0.083
3.000

Decision
Not rejected
Rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected

On the other hand, as far as domestic banks are concerned, table 11 shows that the null hypothesis of no
significant differences between the two periods, cannot be rejected in any case.
Table 11: Before and after comparison of domestic banks
MI1
MI2

ρ-Value
0.604
1.000

Kruskal-Wallis
0.333
0.000
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Decision
Not rejected
Not rejected

MI3
TECHCH1
TECHCH2
TECHCH3
EFFCH1
EFFCH2
EFFCH3

0.083
0.083
0.083
2.083
0.083
0.750
0.333

0.797
0.797
0.797
0.162
0.797
0.429
0.604

Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected
Not rejected

To sum up, no significant difference of productivity indicators for both foreign and domestic banks was
found. Therefore, the global financial crisis was effectless in banking operation. Neither bank assets, nor
equity seemed to be significantly affected by the global turbulence. Despite return on assets and return on
equity underwent a decrease from 2006 till 2009, no pervasive effects were perceived on bank
productivity.
IMPACT ASSESSMENT
There is in the Mexican banking sector a mixture of overseas and domestic banks. US foreign banks
enjoyed a low interest rates policy implemented by US monetary authorities. In addition, the American
monetary authorities decided to bailout the US banking system. As a result, US foreign banks operating in
Mexican market were further immunized against the financial turmoil perverse effects.
On the other hand, Mexican authorities followed a pro-cyclical monetary policy raising interest rates,
depressing economic activity and raising non-performing loans. Domestic banks could have been more
affected than foreign banks. The higher volatility of productivity indicators for domestic banks is the
result of such pro-cyclical measures.
ANALYSIS AND DISCUSSION
The Mexican mixture of foreign and domestic banks is beneficial for the government finance as no need
for public money to bailout banks shows up. The foreign banks operating in Mexico are rescued by their
own governments. The overdue loans have been decreasing since foreign banks competence induces a
proper credit selection.
Moreover, monetary policy has to be anti-cyclical. The Mexican experience is a counter example during
global financial crisis as monetary measures in rule resemble pro-cyclical prescriptions.
A sharp regulation to establish strong bank supervision as well as to avoid extreme risk taking is required.
Past experience has unveil that deregulation enhance excessive risk taking.
POLITICAL AND MANAGERIAL IMPLICATIONS
During 1995 Mexican crisis the government had to bail out banks, otherwise the banking system would
have collapsed. Not only, the rescue worsened financial disequilibrium, but also intensified
macroeconomic instability. As a result, most Mexican banks ended up controlled by foreign banking
holding companies.
On the other hand, the 2008 global financial turmoil did not significantly affected domestic government
finance as majority of banks were foreign. In fact, rescue was a burden of foreign governments. However,
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the global crisis depressed even more the economic activity. Furthermore, the monetary authorities
followed at a time a pro-cyclical monetary policy, instead of counter-cyclical badly needed policies.
It is important to note that after rescue program, during the global financial crisis, some overseas banks
became property of foreign governments. Consequently, domestic credit policies depended upon foreign
government decisions. Thus, the Mexican financial sovereignty was adversely affected.
The associated adversity enhanced credit quality, as most firms were compelled to grant loans on more
prudent basis. In addition, regulation and supervision as well as internal controls reduce riskiness even
further.
CONCLUSIONS
The aim of this paper was to assess the impact of the financial global crisis in productivity of Mexican
banks. During the period 2007-2011 the financial world underwent a severe crisis. Nevertheless, no
significant effects on productivity indicators were disclosed. Domestic bank productivity turned to be
highly volatile in comparison with foreign. On average, foreign banks performed better than domestic
banks as far as technical change is concerned. The decrease in efficiency after the crisis was higher for
domestic banks than foreign. The declining trend for such banks took up earlier than that for the foreign
counterparts.
In the Mexican financial system coexists both, foreign and domestic banking companies. While US
foreign banks were supported by US monetary authorities, domestic ones were adversely affected by the
national monetary policy, as interest rates were raised. Consequently, the economy was depressed and
overdue portfolio rocketed. As deregulation brought about many of such problems, to avoid extreme bank
risk taking, fiscal discipline, rigorous regulation, banking supervision and a counter cyclical monetary
policy are highly recommended.
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ABSTARCT
In this work it is presented a methodological proposal to build models for Time Series with missing and erroneous
values. This methodology consist of two stages: first, it is realized an estimating of the missing and erroneous values
of the series; and second, it is built a model for the series. The proposal is based on Self Adaptive Genetic
Algorithms that were especially utilized to calculate ARMA models for the NN5-REDUCED problems which results
are presented in this work. This methodology here presented can be generalized for the treatment of this type of
Time Series by other non linear models that use, for example, neuronal networks, fuzzy logic, etc.
Keywords: Time Series, Genetic Algorithm, Missing Values.

INTRODUCTION
TIME SERIES (TS) are modeled to forcast the behavior of real data, but in several occasions, by different
causes, values of some series are lost or erroneous values are registered. This is the case of the
competence examples NN5 in which all the problems set out to model its behavior come from cash
dispensers where in some days, for any reason, it was not recorded the total money withdrawn. Also,
some days present the value of zero, that from the process point of view it is an erroneous data since it
does not reflect the total money withdraw from the cash dispenser. In real life these problems appear
when modeling different phenomena for which are important to have an alternative process to treat them.
In this work we approach the problem of constructing models for this type of TS who present missing and
erroneous values. It is necessary to add that in our case it is important to know which the erroneous values
are and to have and idea of the interval in which they change. The main idea of this work is to rebuild the
missing or erroneous information of the series supposing that the type of model who fits to the series is
known.
Our proposition consists of two main stages. In the first stage an estimate of the missing and erroneous
values is done, to this one we named it: TS correction stage. In the second stage it is work with the
original series to which it had been added the estimated values to build an appropriated model. In our own
case it will be utilized linear models for both stages, but in this methodological proposal it can be used
other non lineal models such as neuronal networks, fuzzy logic, etc.
The problem of finding a good linear model for a series of data requires to determine, first, how many and
which are the terms most appropriate to solve this problem. Afterwards, it is necessary to know in which
interval are the linear expression coefficients, and finally it is important to know the values of this
coefficients that minimize the square error over all the history. This leads us to set out a non linear
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optimization problem with variables in real intervals which limits it is necessary to specify. This problem
has multiple local minimums by which appropriate optimization techniques are needed.
In order to solve this problem, first, the principal results of the TS statistical analysis [3],[6] are applied to
calculate the biggest number of terms that will appear in the series, as well as the intervals in which these
change.
Later on, to estimate the best coefficients of the linear expression we used Genetic Algorithms (GA) that
are optimization techniques that implement global multi-point search, quickly locating areas of high
quality. For a successful implementation of the GA it is required to estimate the value of certain
parameters which is achieved by means of numerous tests. In this work it were implemented versions of
the Self Adaptive Genetic Algorithms (SAGA) since with these there is eliminated the stage of repeated
test that are needed for the adjustment of parameters, achieving with this that the same version of the code
solves any TS linear modeling problem without the intervention of the user.
The plan of the work is as follow. In the second section the results for the linear models that we will use
in our proposal are summarized. In the third section the SAGA characteristics that will be used are
described. In the fourth section the algorithm that we use to calculate the autoregressive models of a series
are presented. Afterwards, in the fifth section, the procedure to correct the values of the series and to
calculate the ARMA models of the same are presented. Finally, in the sixth section are shown the result of
modelling the examples of the NN5-REDUCED 2008.
PRINCIPAL RESULTS OF LINEAR MODELS
The univariated TS were analyzed by Box-Jenkins [3], from the construction of equations in differences
with a random additive component named white noise. From the above mentioned models they
determined the conditions under which it is presented the stationarity of the series and the scheme that
should be followed to estimate the parameters of the particular model. The most general model is named
ARMA (p,q) and indicates the presence of autoregressive components in both the observable variables x t
and in t with

and

where i and j are the AR and MA coefficients, and  is a constant. This model can be generalized to an
autoregressive integrated moving average (ARIMA) by differentiating the time series TS to a certain
level.
In our case with regards to the first correction stage of the series only autoregressive models are
considered, whereas for the second stage only the models ARMA are calculated.
The autoregressive models of order p are represented by the expression:
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where traditionally a t is a white noise. In this work a t it will not be a white noise, and in the case the
model corresponds to a stationary series  y  j are constants that satisfy the following relations:
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 represents the series average. The relation (1) and (2) are a consequence of the stationarity property.
As soon as we have an autoregresive model for a series, it can be considered another new series formed
by the differences between the original values of the series and the values of the model. When an
autoregressive model was calculated for this new series, this is equivalent to estimate the MA part of the
original series with which we would have a complete ARMA model.
The most common way to analyze an ARIMA model is calculating the root of the sum of the square
(RSS) or to use the mean absolute percentage error (MAPE). With the methodology that we propose it can
be constructed models with different values of the parameters p and q in such a way that RSS always
diminishes when the values of these parameters increase, which can leads to an overfitting that provokes
that the model fitt very well to the data series but do not forcast well the future values. To avoid this
problem it will be used as a mesure of the quality of the model the statistical estimator Bayesian
Information Criterion (BIC) as it is used in [4], [9]:
BIC = N * ln (RSS2 / N) + p * ln (N).

(3)

where N denotes the number of trainning examples and p the number of parameters.
SELF ADAPTIVE GENETIC ALGORITHMS
The GA were developed by John Holland [7] and are inspired in basic principals that rules the evolution
of the species. It have been successfully used to solve several problems [5]. To apply them it is necessary:
a genetic representation of the organism, a way of create an initial population, a performance function that
evaluates the adaptation of an individual to his environment and separates the better one, according to its
performance by a process called selection, and the genetic operators who alter the structure of the children
and the values of several parameters that are required by the algorithm.
In our proposal the individuals will be vectors of real components. The initial population it will be
randomly created. The performance functions always will be RSS.
The selection process will be carried out by means of the tournament selection [8]. In order to avoid the
premature convergence problem in each selection moment there only can be ten copies of the best
individual. The genetic operators will be the multiple crossings and mutations. The parameters that will
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be used are population size, individual crossing probability, crossing repetition, individual mutation
probability and mutation repetition. This is necessary because in our model the probability of crossing and
mutation are the characteristics of each individual and not of the population as it is traditional in the GA.
Besides it is considered that crossing and mutation can be multiple, that is to say, it can act several times
with the same individuals. The individuals crossing it will be realized exchanging the components of the
individual and the mutation of the individual is the change in value of a component of the individual
among his limits.
The SAGA were developed by Thomas Back [1], [2] and have the characteristic that automatically search
the best parameter to its functioning. In our case the population size for the problems in the stage
correction it will be of 20, and when the SAGA will be utilized to calculate some autoregressive model
the population size will be fix an equals 100. Also, in both stages we will use the same values for the four
autoadaptable parameters that will be: individual crossing probability that varies in the interval [0.5,
0.95], crossing repetition [1.0, 4.0], individual mutation probability that varies in the interval [0.5, 0.85]
and mutation repetition in [1.0, 5.0]. The individual for each stage it will be solution proposals for the
same and additionally will have four components more where it will be represented the values of the
autoadaptable parameters. The way of operating with these parameters is similar to the one presented in
[1], [2] taking the respective average of the corresponding case. Next are described the way of calculating
the autoregressive models using SAGA.
CALCULUS OF THE AUTOREGRESIVE MODELS
The algorithm proposed it is developed considering as the function to minimize: the RSS. First, it is
necessary to select the series that will be used among the following ones: the original series, the series of
the first differences, the series of the second differences, and in our case it is included the possibility of
working with the series of the third differences. In order to decide this is selected the series that presents
the minimum variance, what assures that the selected series is stationary. Once decided the series that will
be used it is calculated the number of necessary numbers for the linear approximation of the selected
series taking into account the autocorrelation function considering all the terms between two consecutive
maximums of this function. With the previous information the limits for the coefficient intervals of the
chosen series are constructed, and to do this are all the coefficients are taken in [-1, 1] except the
independent term whose limits are estimated between zero and the average value of the series. The reason
why these limits are established was obtained from the equation (2). Afterwards, 10 repetitions of 500
iteration were realized for each SAGA and with each results it is constructed a solution by means of the
average sum of the absolute values of the 10 results. This gives information about the most important
components since these will have the major value.
Later on the components of the previous solution are ordered from major to minor and it is selected the
number of values of the model parameters. With the components already chosen and the same limits
established beforehand 5 executions of SAGA are realized taking as stop criterion that in 250 previous
iterations the optimum has not changed, and from these 5 executions it is selected the best result obtained.
Finally, with the above result, it is constructed a solution for the original series and with this result new
limits are built taking in each variable of the solution a vicinity of radium 1. At this moment 5 more
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executions of SAGA similar to the above paragraph are realized and finally it is taken the best result of
these 5. The smallest terms are neglected.
SERIES CORRECTION
To find the missing values of the series it is calculated the minimum of the values different from zero of
the series and the maximum of these. The first supposition that will be made with regards to the missing
values is that these values are between these limits. For the zero values it is established the supposition
that the values are in the interval [-5, 5]. With all these limits it can be generated the genetic algorithm
that it is applied in the first stage.
Later on it is chosen a number K that is the number of terms of the autoregressive model that will be
found for the series. To do this it is generated an initial population of 20 individuals (this really means the
assignment of values between the limits to the missing and erroneous values of the series). In order to
evaluate each individual it is considered the series that results of the correction of the original series
applying the values that correspond to the individual and calculating an autoregressive model with K
terms. The RSS it is taken as the fitness value of the individual for the model above mention.
Subsequently 30 iteration of SAGA are realized and the end it was found at a RSS value that indicates if
the correction with K terms was good. This is realized by several K values, and ultimately by means of the
BIC (3) are chosen the number of terms utilized to modeling and which are the values that will be used to
correct the series. It is important to notice that this stage is very short because is extremely costly in
computational effort.
Several autoregressive models are calculated for different values of K close to the value before for the
corrected series. This is done in this way because the iterations realized in the first stage were very few.
With these results and applying again the BIC (3) it is decided what is the best autoregressive model of
the series.
Finally, it is constructed the residuals series and for this it is calculated another autoregressive model with
the procedure mention above obtaining this way the complete ARMA model.

Results of NN5-Reduced
In the table 1 are shown for each example of NN5-reduce the time lags that appear in the component of
AR and MA of each value, as well as the correspondent RSS value. The value of zero in some time slag
corresponds to  in the autoregressive part.
Table 1: NN5-reduce the time lags
Problem
101
102
103
104
105
106
107

AR
<0,1,3,7,8>
<0,1,7,8>
<0,1,7,14,21>
<0,1,2,5,6,7>
<0,1,2,3,5,7>
<0,1,7>
<0,1,7,8>

MA
<2,7,14,21>
<7,21,28>
<2,3>
<7,21>
<21>
<7,14,21>
<7,14,21>
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RSS
146.775
241.653
59.172
247.434
140.760
201.833
165.027

108
109
110
111

<0,1,6,7>
<0,1,2,4,6,7>
<0,1,2,6,7,8,10, 14,16>
<0,1,6,7,11,12,14,16,21>

<7,21,28>
<7,28>
<21>
<14,21>

157.073
245.326
186.946
156.629

APENDIX
Finally in figures 1-11 are presented the series graphs for the last 80 values, as well the corresponding
forecast .

Figure 1: Example 101

Figure 2: Example 102

Figure 3: Example 103

Figure 4: Example 104
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Figure 5: Example 105

Figure 6: Example 106

Figure 7: Example 107

Figure 8: Example 108

Figure 9: Example 109

Figure 10: Example 110
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Figure 11: Example 111
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ABSTRACT
This paper intends to obtain the short-run average cost minimization and capacity utilization over 34 regional
public hospitals in South Korea from 2007 to 2010 using Data Envelopment Analysis (DEA). Also, it explores the
average cost for each hospital in order to determine whether the cost is increasing or decreasing. The annual
capacity utilization ratio, using an adjusted number of patients as an output, is 0.49, and by using added value as an
output is 0.56, on average. Only Jeju shows the highest level of capacity utilization regardless of output type. It
indicates that almost all regional public hospitals, except for Jeju, do not operate with at full capacity, and the
short-run average cost of operation is decreasing during the same period.
Keywords: Regional Public Hospitals; Cost Minimization; Capacity Utilization; Scale Efficiency, Data
Envelopment Analysis

INTRODUCTION
According to an OECD (Organization for Economic Cooperation and Development) report (2013), the
annual growth rate of the total health expenditure of South Korea (9.8%) was much higher than that of
OECD average (4.8%) from 2000 through 2009, even though the annual growth rate of Korea decreased
from 2010 through 2011 (4.7%) compared to that in the previous period, it is much higher than that of
OECD average (0.6%). The public health expenditure as well as the total health care expenditure in South
Korea has steadily increased annually since 2000. In addition, governments in many countries have tried
to cut their spending on health care, especially in the public health sector (OECD, 2013).
Recently, the hottest issue in the public health sector has been the closure of Jinju Medical Center in
South Korea. South Gyeongsang provincial government shut down Jinju Medical Center (JMC), a
provincial government-funded public general hospital, despite strong opposition from its unionized
workers. Similarly, many regional public hospitals have been faced with the difficulties such as
accumulated deficits, unpaid wages, old facilities, and the lack shortage of medical workers.
When it comes to a result-oriented economic performance for hospitals, the issue of efficiency is
considered as an important matter. However, in the short-run, the hospitals are also required to produce
the maximum amount of outputs such as treatment of patients or added value under fixed factors as an
example capital stock, land, and other fixed costs. Thus, it is meaningful to check whether or not these
hospitals operate with an acceptable level of capacity utilization based on the cost minimization.
Moreover, it would be also useful to learn the scale efficiency of each hospital to examine if the hospital
runs at on optimal scale. As a result, the purpose of this paper is to measure cost minimization, capacity
utilization ratios and the scale efficiency of regional public hospitals from 2007 to 2010 in South Korea,
while also considering the public good achieved for the disadvantaged, by adopting the number of
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patients as one of outputs using DEA. In this context, this study is significant for being the first of it’s
kind to explore the short-run average cost minimization and capacity utilization ratio of 34 regional public
hospitals in South Korea.
Many economists have recently tried to define capacity utilization; which is divided into physical and
economic definitions of capacity. In general, capacity is referred to the most efficient level of output, and
it indicates economic capacity, which is different from an engineering or technical maximum output.
Technical maximum is not based on cost concerns however the economic capacity concept takes into
account economic cost.
Capacity utilization usually refers to capacity utilization rates, and is called an operating rate. It represents
the relationship between actual produced output and potential output that could be achieved with labor
force and capital stock. This is shown in a percentage rate; one hundred (100) percent implies full
capacity. If a hospital operates at a 70% capacity utilization rate, it illustrates that there is a possibility to
improve its production by 30 percent without additional fixed costs, such as the cost of building a new
facility. In this sense, as state previously, it is meaningful to check the capacity utilization rate for each
regional public hospital in order to increase its feasible improvement as a production unit.
While the economist concept of maximum output is based on Klein’s or Johansen’s definition measuring
employing a production function, from an engineering perspective, the capacity is simply rated one.
One of the earliest discussions of capacity measurement is provided by Cassels (1937), defining that
excess capacity is sometimes used to describe fixed factors of decision making units (DMU) such as
firms, industries or organizations. It simultaneously is used with respect to all the factors included in the
functioning of DMU in the short and long run cost curve. Klein (1960) expanded the engineering notion
of capacity and determined the economist's concept of a production function in order to explain the notion
of maximum output as an index combination of all fully utilized factors, considering not only capital
stock but also other determinable factors. While Johansen (1968) defines it as: “maximum amount that
can be produced per unit of time with existing plant and equipment provided that the plant and equipment
provided that the availability of variable factors of production is not limited”, Färe (1984) determined a
weak definition of capacity which only requires that output is limited. Färe and Grosskopf ad
Kokkenlenberg (1989) have measured estimates of plant capacity and utilization rates by Johansen’s
definition using frontier, rather than ‘average’ production functions. Eilon and Soesan (1976) suggest that
the construction of a full capacity envelope curve, which defines the maximum possible output levels for
each output mix, which is closely related to the radial (output –oriented) technical efficiency measures
proposed by Farrell (1957) and the distance function measures proposed by Shephard (1970). Many
economists have searched for more economically meaningful measures of capacity, and Berndt and
Morrison (1981) turned to short-run cost functions for guidance.
METHODS
Let us assume that a hospital produce a vector of outputs, y ∈R+M, using a vector of inputs, x ∈ R+N. The
production possibility set is as follows:
T = {(x, y): x can produce y}

(1)
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Assuming strong disposal of inputs and outputs and variable returns to scale, the true technology can be
represented by the following set of production possibilities:
(2)
Where Y0 indicates the actual amount of output in equation (2), the production possibility set under the
assumption of constant returns to scale is expressed as follows:
(3)
In the short run, one or more inputs are fixed, so the hospital chooses the variable inputs to minimize the
cost of producing a given amount of output.
With several variable inputs, the procedure is the same as long run cost minimization.
Equation (4) represents the short-run total cost (SRTC) as follows:
(4)
where xv and ̅̅̅
𝑥𝑓 indicate variable input, xv, and fixed input, ̅̅̅,
𝑥𝑓 respectively.
To minimize short-run total cost (SRTC) can be expressed as follows using linear programming:

(5)
Whereas short-run average cost (SRAC) is defined as adding average variable cost in the short-run to the
average fixed cost in the short-run. Here, variable factors are labor (L) and bed (B), a fixed element is
capital stock (K). 𝑃𝐿 and 𝑃𝐵 denote the price of labor and bed, respectively. The minimization of shortrun average cost (SRAC) can be derived by setting to keep the fixed element constant, and the variable
factors vary. This can be expressed as follows using linear programming:
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𝐽

∑ 𝜆𝑗 𝐿(𝑗) ≥ 𝐿
𝑗=1
𝐽

∑ 𝜆𝑗 𝐵(𝑗) ≥ 𝐵
𝑗=1
𝐽

∑ 𝜆𝑗 𝐾(𝑗) ≥ 𝐾
𝑗=1

(6)
Short-run capacity utilization (SCU) ratio can be derived by comparing optimal output (y*) and actual
output (y0) as follows:
SCU=

y0
y∗

(7)

Short-run scale effieiency (SSE) is the ratio between the minimum average cost and the actualaverageost
in the short-run, hence, it can be represented as follows:
SRAC∗

SSE= SRAC

(8)

The short-run scale efficiency (SSE) is less than or equal to 1 (one) since SRAC (p,y) indicates the actual
average cost in the short-run. If y is less than or equal to y*, it is able to reduce average cost per unit by
increasing variable inputs, while it is beneficial to reduce average cost per unit by decreasing variable
inputs if y is greater than or equal to y*.
RESULTS AND DISCUSSIONS
The data is obtained from financial statements (Balance sheets & Income statements) and final accounts
from the Korean Association of Regional Public Hospitals (KARPH) during the period from 2007 to
2010. The total cost of a hospital is measured as a sum of the recurrent cost of hospital in a given year.
Both the adjusted number of patients and value added variables are outputs. While adjusted number of
patients variable includes the total number of outpatients and the total number of inpatients in a given
year, value added variable contains income and loss before income taxes, labor charges, net interest
expenses, rental expenses, and taxes as well as public dues. The number of doctors, nurses, and beds are
used as inputs. Capital stock (tangible fixed assets) is utilized as a fixed input, which excludes
depreciation. Tangible fixed assets include land, buildings, land improvements, machinery, delivery
equipment or vehicles, medical equipment, accumulated amount of depreciation.
All price variables are expressed at constant prices based on 2010 using the Consumer Price Index (CPI).
This study intends to seek for the cost minimization and capacity utilization rate over 34 regional public
hospitals. It, then, can determine of the average cost for each hospital to determine whether a hospital lies
within the area of economies of scale, which diminishes the average cost.
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The annual capacity utilization ratio of the regional public hospitals, across the nation, shows 0.49 on
average using adjusted number of patients as output in Table 1. Jeju shows the highest capacity utilization
ratio, and Seoul, Chungju, Anseong, Seogwipo, Busan are following after Jeju while Suncheon indicates
the lowest capacity utilization ratio. This implies that almost all regional public hospitals in South Korea
did not run at full capacity during the same period.
Table 1: Capacity Utilization and Cost Minimization using Adjusted Number of Patients (unit: million won)
Obs.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Hospitals
Gangjin
Suncheon
Seogwipo
Jeju
Jinju
Masan
Uljin
Gimcheon
Andong
Pohang
Mokpo
Namwon
Gunsan
Seosan
Hongseong
Gongju
Cheonan
Chungju
Cheongju
Seoul
Busan
Daegu
Incheon
Wonju
Gangneung
Sokcho
Yeongwol
Samcheok
Suwon
Uijeongbu
Icheon
Anseong
Paju
Pocheon
Average

CAP-U
0.44
0.19
0.70
1.00
0.33
0.42
0.21
0.43
0.40
0.30
0.49
0.38
0.57
0.39
0.48
0.26
0.49
0.84
0.50
0.93
0.69
0.48
0.50
0.37
0.48
0.40
0.19
0.31
0.27
0.62
0.66
0.76
0.56
0.67
0.49

SRTC*
11332
28461
26002
10722
37119
37595
17438
28075
34701
29379
16507
46196
57054
42679
65093
62139
15339
16905
45913
71070
58101
43720
46391
26737
14274
18025
21087
18450
35194
27012
20453
18421
40761
21412
32640

SRAC*
0.94
0.53
1.05
1.36
0.66
0.81
0.49
0.75
0.72
0.60
0.78
0.76
0.94
0.80
1.08
1.08
0.86
0.72
0.82
1.16
0.95
0.71
0.81
0.70
0.91
0.72
0.50
0.64
0.64
0.98
1.16
1.25
0.99
1.05
0.85

SSE
0.67
0.39
0.75
1.00
0.51
0.61
0.36
0.57
0.58
0.47
0.58
0.52
0.63
0.61
0.61
0.39
0.66
0.87
0.64
0.87
0.72
0.56
0.62
0.50
0.68
0.57
0.38
0.46
0.48
0.73
0.88
0.91
0.79
0.79
0.63

Note: (1) Cap-U, SRTC*, SRAC*, and SSE denote short-run capacity-utilization, the minimum total cost
in the short-run, the minimum average cost in the short-run, and short-run scale efficiency, respectively.
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When it comes to scale efficiency, Jeju represents one (1); Anseong, Icheon, Chungju, Seoul, includes
following: Jeju. Yeongwol, Gonju, Uljin, Suncheon. All of these hospitals, excepting Jeju show
comparatively low levels of the scale efficiency. It indicates that almost all regional public hospitals,
except for Jeju, neither operate at optimal size, nor at full capacity. Also it means only Jeju has achieved
the cost minimization but others have fallen either in the state of decreasing average cost or in the state of
increasing average cost. Since the capacity utilization ratio of these hospitals, except for Jeju, range from
0.19 to 0.93, most of them are in the state of diminishing average cost, which means their average cost
decreases as their output (adjusted number of patients) increases. This may be because the size of these
hospitals is so small that they can easily reduce their average cost in the short-run when increasing their
output.
The annual capacity utilization ratio, using value added as output for the regional public hospitals across
the nation, shows 0.56 on average in Table 2. Suncheon still indicates the lowest capacity utilization ratio.
Even though the overall capacity utilization ratio of the regional public hospitals, using value added, is
relatively low, the scale efficiency is a bit higher, compared to the result using an adjusted number of
patients. Overall, almost all regional public hospitals, except for Jeju and Seoul, not only operate below
the optimal size, but also below full capacity.
Table 2: Capacity Utilization and Cost Minimization using Value Added (2007-2010) (unit: million won)
Obs.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Hospitals
Gangjin
Suncheon
Seogwipo
Jeju
Jinju
Masan
Uljin
Gimcheon
Andong
Pohang
Mokpo
Namwon
Gunsan
Seosan
Hongseong
Gongju
Cheonan
Chungju
Cheongju
Seoul
Busan
Daegu
Incheon
Wonju
Gangneung
Sokcho

CAP-U
0.48
0.33
0.71
1.00
0.52
0.66
0.23
0.47
0.45
0.37
0.48
0.64
0.65
0.48
0.59
0.29
0.63
0.84
0.67
1.00
0.72
0.58
0.60
0.58
0.50
0.41

SRTC*
10382
19447
27897
10722
27745
31032
16907
28994
33990
27190
17470
45869
55990
40510
62105
62572
14351
16831
44316
78782
57220
45916
44698
25837
12760
17853
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SRAC*
1.66
0.98
2.02
2.60
1.27
1.65
0.96
1.50
1.48
1.21
1.47
1.54
1.92
1.63
2.21
2.26
1.47
1.31
1.77
2.47
1.89
1.47
1.73
1.39
1.60
1.32

SSE
0.69
0.41
0.81
1.00
0.55
0.74
0.36
0.60
0.61
0.51
0.58
0.77
0.66
0.70
0.68
0.43
0.75
0.85
0.76
1.00
0.70
0.67
0.68
0.73
0.63
0.56

27
28
29
30
31
32
33
34

Yeongwol
Samcheok
Suwon
Uijeongbu
Icheon
Anseong
Paju
Pocheon
Average

0.27
0.34
0.40
0.62
0.74
0.85
0.39
0.59
0.56

17436
18481
27645
24851
18188
16308
39671
21599
31222

1.02
1.22
1.30
1.83
2.05
2.21
2.32
1.95
1.67

0.39
0.51
0.51
0.67
0.86
0.90
0.51
0.69
0.66

Note: (1) Cap-U, SRTC*, SRAC*, and SSE denote short-run capacity-utilization, the minimum total cost
in the short-run, the minimum average cost in the short-run, and short-run scale efficiency, respectively.
In terms of scale efficiency, Jeju and Seoul are number one (1) while Anseong, Icheon, and Seogwipo are
following Jeju and Seoul. This means Jeju and Seoul have reached cost minimization but others have
failed to achieve the same ratio of decreasing average cost since the capacity utilization ratio of these
hospitals, excepting Jeju and Seoul, range from 0.29 to 0.85, which means most of them are in the state of
diminishing average cost as their output (value added) increases. Similarly, this may be because the size
of these hospitals is so small that they can easily reduce their average cost in the short-run while
increasing their output.
CONCLUSIONS
This paper estimates the cost minimization and capacity utilization of 34 regional public hospitals in
South Korea from 2007 to 2010 utilizing DEA. During the same period, we have found that the annual
capacity utilization ratio, using adjusted number of patients as an output is 0.49, and the figure using
value added as an output is 0.56, on average. While, in terms of the scale efficiency using value added as
an output, Jeju and Seoul represent one (1). Even though the overall capacity utilization ratio of the
regional public hospitals, using value added, is relatively low, the scale efficiency is high, compared to
the result using an adjusted number of patients. Also, we have learned that only Jeju shows the highest
level of the capacity utilization regardless of output type. This indicates that almost all these public
hospitals, except for Jeju, do not operate at full capacity, and are located where the short-run average cost
is decreasing during the same period.
As the empirical results above show, only Jeju has achieved not only the cost minimization but also the
full capacity utilization in the short-run during the time period, regardless of the output type. It indicates
that almost all regional public hospitals, except for Jeju, do not operate at full capacity, and the short-run
average cost of operation is decreasing, during the same period. It also implies that there is the potential to
possibly increase their capacity utilization ratio by utilizing unused facilities. However, taking the
circumstance into the consideration, such as the fact that the regional public hospitals have to have
invested in certain types of capital such as acute care facilities even if these facilities remain unused as a
necessary role to serve potential patients, we need to be careful when estimating the economic
performance of public hospitals when considering its unique of role in serving the public as a whole in
society.
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ABSTRACT
2G algorithm is based in decision trees with original contributions. Pattern recognition techniques are applied to
training sets to generate classification rules, which are used to evaluate new instances. At the end of the
classification process, the procedure "no explicit virtual patterns" is applied to classify unclassified examples.
Dual condition is used to evaluate new cases but can use more attributes if necessary. This paper describes how the
algorithm is applied to correct errors in results of energy demand forecasts obtained with time series. Experimental
results indicate efficiency but more data are needed to balance the class information in the training set. The
algorithm is developed with MySql Connection to access data stored in database management systems. The
algorithm has connectivity to database systems and could be adapted to the analysis of big data to recognize
hidden patterns, correlations and other useful information for decision making. Some description details of the
problem will be restricted for reasons of confidentiality.
Keywords: Classification, Forecasts, error correction, BigData

INTRODUCTION
Big data refers to huge data sets, including structured, semi-structured and unstructured data and faster
velocity arriving as has not happened before. Plus, it’s heterogeneous and comes in many formats,
including text, document, image, video, and more. Nearly 15 billion connected devices and more of 3
billion Internet users contribute to this avalanche of data. The real value of big data is when data are
used to finding patterns and new knowledge discovering, which are used to making decisions.
The decision trees are an alternative method that can be used as predictive models for decision making in
artificial intelligence applications. Are constructed using a knowledge base structured by experts and
logical constructs are generated to represent the conditions in a set of rules that can be applied in
solving complex problems.
2G algorithm is based in decision trees [1] [16] and has developed with MySql Connection to access data
stored in database management systems. The algorithm has connectivity to database systems and could
be adapted to the analysis of big data to recognize hidden patterns, correlations and other useful
information for decision making. It has proved.
efficient in treating problems with continuous attributes. The main differences compared with other
algorithms of the same type is that generates trees with shallow and procedures to generate rules with
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no more than two conditions in evaluation of new instances but can use more attributes if necessary.
Moreover, in the generation of rules applies the concept of "virtual class” to include ambiguous values
in existing classes. In the procedure of classification is applied the concept of "no explicit virtual
patterns" to classify examples where not all attributes are classified with the same rule, and can be
classified with different rules for each one of the attributes, with the only restriction that the selected
rules should belong to the same class. To evaluate the performance of the algorithm were selected some
classic problems and results of the tests were compared with results of open source algorithms such as
C4.5 [1] [2], See5 [3] and J48 [4]. Additionally we compared the results with those obtained with
methodologies listed above that are posted on official Web sites [5] [6] [7] [8] [9] [10]. It is important to
note that 2G produces better results than those published in the above references.
2G algorithm is applied in this case in results of energy demand forecasts obtained with time series.
Experimental results indicate efficient but amount of data not is enough to ensure high performance
in classification of new instances since the number of examples per class is not balanced. This may
be adjusted once more data become available.
2G DESCRIPTION
The 'pattern' concept is the main element in the area of pattern recognition, which is identified as a set of
properties associated with an object type. A pattern may classify a set of predefined values and identify a
sample space based on similarities found [11].
Today, automated techniques are considered very important to extract knowledge from data banks that
can’t be analyzed manually by human [12].
The classification is based on similarity concept of categories of objects for finding a set of
models (or functions) that described the classes of instances for which is unknown their class [11].
In this context the decision trees are tools used to represent knowledge through supervised recognition,
and are considered highly efficient methods in decision-making under uncertainty. The method applied
uses inductive learning and building a classifier to discover new patterns extracted from the training set
which is formed by a set of attributes to produce a model for classifying new examples with rules that
are generated based on path branches of the tree, starting from the root node until reaching the leaves
(classes) [13] [15].
In the 2G algorithm, the selection of attributes is done applying the entropy concept to obtain the
information gain [2]. To determine this, it's necessary to have a set of values for each attribute, which are
grouped by a measure that identify each group of values with same class. The model used is described
below:
S

original training set

Sr

reduced training set

p

total number of examples in S or Sr e instance of p

c

class of e
90

k

total number class

z

index class value c related with e and z = {1, ...., c}}

n

total number of examples of class ei

l

attribute number of S or Sr

A

attributes set

Ar

attributes selected set of G(Ar)

t

total number of examples in A or Ar v set of possible values that can take A

in the discourse of the universe or from Ar
m

number of examples of v

T

number of values of v in A or Ar probi probability that an example (ei) of Ar

belongs to class c with i = {1, ...., t}
The entropy set H(Sr), the entropy of attributes H(Ar), the entropy of values H(ν) and the attributes gain
of the reduced set G(Ar), which are applied through the following expressions:

The distribution possible of attribute values can coincide with one of the following patterns (see figure
1):
1.

Values that are classified.

2. Values that are classified in more than one class.
3.

Values that can’t be classified.
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Figure 1: Distribution of values

Because there is no possible ambiguity or identify the class, cases 2 and 3 generate problems (see figure
1).
DISCRETIZATION OF VALUES
One of the traditional methods to selecting attribute values representative is to select a set of values that
are borderline of class change in the vector of values. Following average values of the selected values are
taken. An example of this is shown in Table 1, which describes the values for the attribute 'A'. The
values selected in simplified marked with an 'x' are: (67.5, 85.0, 95.0).
Table 1. Example of discretization of values. Traditional method
V
C
S

65
-1
x

70
-

70
-1

80
-1

90
x

90
-1

99
-1

100
1
x

V = value of attribute 'A' , C = class, S = value selected
In the same example, in our case, the selected values are at the limit we call "class break" eliminating
redundancies (see Table II). Immediately, it is selected the maximum value for each group of values
continuous of the same class and a set of representative values per attribute is selected. As an
exception, and unlike traditional methods, we include the maximum value of the groups of values that
present “overlapping classes”, identifying them as groups of values that belong to “virtual
classes” allowing them participate in the selection process. After, a matrix with the vector of selected
values and classes is generated. Each value is assigned 1 if there is at least one example with the
corresponding value and 0 otherwise

An example of this is shown in the section highlighted in gray in Table 2. So that the resultant vector
for us is: (65, 80, 99, 100), which has a positive impact when applying the algorithm 2G because
important values rejected by other methods are now included.
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Table 2: Example of discretization of values, Algorithm 2G
Value
Class
Class

65
1
0
x

70
1
1

80
1
1
x

85
0
1

86
0
1
x

90
1
0

99
1
0
x

100
0
1
x

Below is a brief description on the application of the procedure called "no explicit virtual patterns" (see
figure 3):
I) We selected the first class of the attribute that has a higher gain.
II) An instance can be classified assigning different rules to its attributes, but must be of the same class.
An example of this is shown in Figure 1, where C+ and C- are the classes and sections in gray are the
different rules. The arrows indicate the route of evaluation of new instances that are classified with this
technique. Sample 1 is classified by a rule of class C+ and Sample 2 is classified with two rules of class
C+. Moreover, Rn represents the number of rule with n = 1, 2..., N. When we can’t classify the values of
an instance in one class, we choose the attribute that has more gain of information and analyze three
options:
a. Select the class that has the first rule.
b. Choose the rule that has the minimum value of the minimum value (see figure 2).
c. Select the majority class of the rule set candidates.

Figure 2: Selection of rules to unclassified values

The second option of above presented the best performance
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Figure 3: Classification with “no explicit patterns”

Where in figure 3, class = C+, C- and rules = {R1, …RN}
DESCRIPTION ENERGY DEMAND PROBLEM
The prognosis and planning of energy demand are the basis of expansion of the electrical system, and
affect the system safety and reliability. Having a reliable prediction is a goal pursued by utilities in
the world. The reliability and confidence levels associated with these predictions are more important
in areas of high consumption and rapid growth.
This problem is complex because the variables that influence are diverse and hard to find models that
are able to achieve the best prediction values of energy demand in the short, medium and long
times.
The data were considered in this project are 4 years of the date because it is the only source of stored
information. Experimental results have shown that historical information is required at least an
additional 3 to raise the level of efficiency of the 2G algorithm in error correction in forecasts obtained
with time series.
In this paper only preliminary results are presented concerning the error correction algorithm applied 2G.
For confidentiality reasons only the required details will be provided to describe the process of
implementation. The data used correspond to a one city and 2010-2013 years.
CLASSIFICATION METHODOLOGY
The 'pattern' concept is the main element in the area of pattern recognition, which is identified as a set of
properties associated with an object type
The training set consists of 730 examples (2010 and 2011 years) and 7 classes and 1 correction
factor (see Figure 4). The applied correction factor is obtained based on statistical models.
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Figure 4: Class correction factor

EXPERIMENTAL RESULTS IN ERROR CORRECTION IN 2011 YEAR
To classify new instances generated rules apply. In the example shown in Figure 5 were based
prognostic variables and humidity. In figure 6 shown the graph of forecast of year 2011. In figure 7
shown the error correction with 2G algorithm. Figure 8 shown decrease error between error prediction
and error correction whit 2G. Imbalance of examples in the training set shown in Figure 9
EXPERIMENTAL RESULTS IN ERROR CORRECTION IN 2012 YEAR
In figure 9 shown the graph of forecast of 2012 year. In figure 10 shown the error correction with 2G
algorithm. Figure 11 shown decrease error between error prediction and error correction whit 2G.

Figure 5: Classifying new instances
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Figure 6: Forecast graph 2011

Figure 7: Correction of forecast graph 2011

Figure 8: Decrease error
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Figure 9: Imbalance of classes in dataset

CONCLUSION
Among the existing classification techniques, decision trees have proved to be very efficient and accurate
enough to generate new knowledge. The 2G algorithm designed with this approach offers original
contributions that are not covered by the revised algorithms.
The main contributions of the 2G algorithm are: that instead of trying to reduce the number of values
in the process of discretization process, we apply a selection method that includes values than by other
methods are ignored, as are the values of overlapping classes, that in this case, we include in the
groups that we called “virtual class”, so, we manage to give them representation in the final set of values
that are used to select the attributes with the greatest information gain. This has allowed us to
maintain better accuracy in the generation of rules, which together with the application of 'no
explicit virtual patterns’.
On the other hand we consider the application of the algorithm in the forecast for energy demand allows
error correction with good results, but we believe it is necessary to have a larger set to raise the
efficiency of the training algorithm.
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