
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Mathematical modeling to predict residential solid waste generation

Sara Ojeda Benítez a,*, Gabriela Lozano-Olvera a, Raúl Adalberto Morelos b, Carolina Armijo de Vega c

a Engineering Institute, UABC, Boulevard Benito Juárez y Calle de la Normal S/N, Col. Insurgentes Este, C.P. 21280, Mexicali, Baja California, Mexico
b CESUES Superior Studies Center, San Luis R.C. Sonora, Mexico
c Engineering Faculty, UABC, Km 103, Carretera Tijuana-Ensenada, C.P. 22860, Ensenada, Baja California, Mexico

a r t i c l e i n f o

Article history:
Accepted 28 March 2008
Available online 25 June 2008

a b s t r a c t

One of the challenges faced by waste management authorities is determining the amount of waste gen-
erated by households in order to establish waste management systems, as well as trying to charge rates
compatible with the principle applied worldwide, and design a fair payment system for households
according to the amount of residential solid waste (RSW) they generate. The goal of this research work
was to establish mathematical models that correlate the generation of RSW per capita to the following
variables: education, income per household, and number of residents. This work was based on data from
a study on generation, quantification and composition of residential waste in a Mexican city in three
stages. In order to define prediction models, five variables were identified and included in the model.
For each waste sampling stage a different mathematical model was developed, in order to find the model
that showed the best linear relation to predict residential solid waste generation. Later on, models to
explore the combination of included variables and select those which showed a higher R2 were estab-
lished. The tests applied were normality, multicolinearity and heteroskedasticity. Another model, formu-
lated with four variables, was generated and the Durban–Watson test was applied to it. Finally, a general
mathematical model is proposed to predict residential waste generation, which accounts for 51% of the
total.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Municipal solid waste (MSW) generation and management is an
issue of worldwide interest; it constitutes a cycle made up of sev-
eral stages which are closely related.

Solid waste generation also represents a socio-environmental
problem and is the result of a production and consumption cycle.
In this way, all manufactured, commercialized and consumed
products are finally converted – at least partially – into waste.
Since consumption is unstoppable and ever increasing, waste pro-
duction is becoming gradually more important and its disposal is a
problem that seriously threatens the sustainable development of
society today. When analyzing material flow, from the moment
raw materials are extracted to manufacture goods until they turn
into waste, it is observed that the problem of solid waste arises
at the very moment that the raw materials are extracted. Waste
still is produced throughout the manufacturing process and it be-
comes even worse when consumers discard the remaining part
of the product, which is no longer useful to them.

The cycle starts with the production of consumer goods and
continues with the generation, storage, sweeping, collection and

final disposal of solid waste. Studies conducted on solid waste
management are focused on the complete cycle or only on
some stages. Generally, the purpose of the studies is to obtain
benefits, such as introducing a more sustainable management
of municipal solid waste, promoting citizen participation and
well-being, contributing to environmental conservation, among
others. This work is focused on the generation and character-
ization of residential solid waste, since those parameters are
very important for decision-making in regard to the planning
and design of solid waste management systems and final
disposal.

Like many other countries, Mexico faces a great challenge in
managing its (MSW) due to its industrial growth, population in-
crease, habits, improvement of family welfare, and migration from
rural to urban areas. For such reasons, the Federation, through its
Secretariat of Environment, Natural Resources (Secretaría del Medio
Ambiente, Recursos Naturales, SEMARNAT), in coordination with the
National Institute of Ecology (Instituto Nacional de Ecología, INE),
set the regulations, laws, and goals to control contamination in
the country.

The problem of MSW generation is a cause for concern in Mex-
ico, because the management and control of MSW has been inad-
equate for years and management and disposal of municipal
solid waste has never been under full control.
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The management of MSW has been extensively discussed and
reported in a large number of studies, trying to find relationships
and the best plans to solve the problem of MSW, from its collection
to its final disposal.

Modeling is a tool used for the planning and management of
municipal waste. Tanskanen and Melanen (1999) propose a math-
ematical model for the planning of solid waste management; Fab-
ricino (2001) proposes a mathematical model to be applied to the
integrated management of municipal waste, from its generation to
its transportation and final disposal, emphasizing the percentage of
material that can be recovered.

There are many researchers who have carried out simulations
and have modeled MSW management systems in several parts of
the world using mathematical models; among them we can men-
tion Mac Donald (1996) who examined the state-of-the-art of solid
waste (SW), analyzing 14 mathematical models based on economic
optimization criteria. The problem is that such models require
large quantities of data and, as a result, they are more suitable to
be applied during the stages of planning and set up. In another
study conducted by Lund (1990), he analyzes the alternatives for
final disposal in a sanitary landfill through a linear optimization
model.

Jacobs and Everett (1992) proposed mathematical models to
analyze the recovery of recyclable components. In a more recent
research study, Everett and Shahi (1996) proposed an administra-
tion model for the setting up of compost plants. Meanwhile, Ever-
ett and Modak (1996) also developed a general model aimed at
specifying the more convenient methods for MSW collection and
disposal for each region.

The model proposed by Chang et al. (1996) addresses the prob-
lems of collection vehicles and traffic control, which includes mod-
els of non-linear equations and solves them by using interpolation
and division algorithms.

In another study, Fabricino (2001) points out that the complex-
ity of models lies in the need to understand the large quantity of
parameters and data used, which can not be immediately quanti-
fied to do the initial planning of MSW. The proposed model solves
or tries to solve the problem of preliminary decision-making prior
to the planning phase and its economic optimization. Its applica-
tion proves how it can be used to assess the economic advantages
of MSW collection and disposal.

Salhofer (2000) designed a model aimed at trying to estimate
industrial and commercial waste generation in Vienna. This model
is based on a matrix, which is applied to sort the type of business
that generates the waste by commercial/industrial sector, and is
based on the number of employees. The results are comparable
to data from similar studies.

In a study conducted in Chile by Orccosupa (2002), he analyzes
the relationship between the production of residential solid waste
per capita and socio-economic factors. In his model, Orccosupa
links economic income against electric power consumption and
applies the theory of the Environmental Kuznets Curve, which re-
lates per capita income and the pressure exerted on the environ-
ment, all this aimed at reducing residential solid waste (RSW).
Beigl et al. (2004) developed a model to identify the parameters
that help to account for the current situation and to estimate
the generation of MSW in various European cities. Results have
shown that this model can be a useful tool to support decision-
making regarding municipal solid waste; however, they also
showed that the proposed model must be statistically refined
(especially the composition modulus) for its application in other
contexts.

Beigl et al. (2008) conducted a review of the literature regarding
the models developed to estimate waste generation in order to
classify the models according to the following criteria: regional
scale, modeled waste streams, independent variables and method.

The use of mathematical models can be an alternative to deal
with the problem of municipal waste management. In this sense,
Sheshinski (2001) emphasizes the importance of creating a math-
ematical model to deal with the problem of solid waste and the
care one should take when creating it.

The mathematical relationship among the amount of solid waste,
its transport, cost, treatment, etc., is difficult to construct due to the
large quantity of variables involved, and the changing nature of such
relationships, which were analyzed by Fabricino (2001) and She-
shinski (2001). The importance of the different parameters in the
analysis must be clearly stated in detail so as to ensure that we
are using optimal values; otherwise, we would document a wrong
relationship between functions and wrong estimates.

For all those reasons, this paper will deal with the problem of
solid waste generated per day in an urban community and the
need to formulate a mathematical model so as to explain the vari-
ables related to this problem. Therefore, the purpose of this re-
search is to develop a mathematical model that explains the
variables that determine the generation of residential waste.

2. Methodology

The research was carried out in Mexicali, capital city of the state
of Baja California located in the northwest part of Mexico. Accord-
ing to the II Population and Housing count 2005, Mexicali has a pop-
ulation of 855,962, which represents 30% of the state’s population.

Mexicali’s weather is arid-dry with scarce annual rain; its loca-
tion on the Tropic of Cancer makes this region a place with extreme
climate. This municipality is characterized by its agricultural,
industrial and tourist activities; prominent are those activities of
the tertiary sector (commerce, services and tourism) that provides
employment to about 52% of the population.

In order to carry out this research, we assessed the waste generated
by households of a community in Mexicali; for such purpose, a study
on the generation and quantification of waste through sampling was
conducted. Waste sampling was carried out in three stages corre-
sponding to three different years. A survey was also conducted to ob-
tain demographic data of the population under study. For the
development of this research work, data from the three stages of the
original research study were assessed and taken as a starting point.

After analyzing the data stored in the database of the original
project, the required information was generated so as to character-
ize the community’s residential solid waste (RSW) in the three
stages, establishing weight, composition, consumption habits,
number of children, educational level, family income, and number
of residents per house.

The results obtained from the database were interpreted to
identify the study variables and the mathematical model to be
used, so as to try and implement such model in the planning,
reduction and transport of RSW.

In this stage, the level of correlation with the data generated
from the three sampling processes was assessed. It is worth men-
tioning that the sampling carried out in each stage was different:
the sample included 53 households in the first stage; in the second
stage, 52 households; and in the third one, 76 households.

The community that this research covered does not reflect a
representative sample of the city’s population; it only reflects the
behavior of three neighborhoods, each representing a defined so-
cio-economic stratum. For the waste generation analysis, the an-
nual seasonal variations were not considered.

2.1. Predictor variables to be included in modeling

The behavior of RSW generation is impossible to explain by
using a single predictor variable. Thus, to find the mathematical
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model that best explained RSW generation, we analyzed data and
identified the variables involved. In order to define prediction
models, five variables were identified and included in the model;
for such purposes, a symbol was assigned to each variable, and
the type of dependence, as well as the unit of measure, was set.
The information in Table 1 shows the variables included in this
work.

The variable ‘‘average education per household” (XEDU) was
determined based on the number of people older than 18 years liv-
ing in the particular house. In order to estimate the average educa-
tion, values from 1 to 4 were given to the different levels of
education (Table 2). To assign the corresponding level of education
to each individual, the following requirement was established: the
individual must have completed the education level assigned, from
secondary level to professional one. If a non-completed level was
recorded in a given person, the level assigned to such individual
was the level immediately below the incomplete one.

To construct the variable ‘‘Income per household”, the number
of household members who work and earn an income was consid-
ered; then, the incomes of all the members were added and divided
by the total number of household residents who work. Once the
variables to be studied were found, a matrix with the data of bag
sampling, as well as another matrix with the information collected
from the interviews was constructed.

2.2. Definition of matrices based on waste composition data

Based on the results of the sampling in each stage, three matri-
ces were constructed in order to study the variables identified to

develop this model. The matrices were defined, including the infor-
mation for each household-family participating in the sampling in
the three stages of the research work. The categories analyzed
were the following: total weight of sampled bags, education, num-
ber of residents per household, daily income per household and
amount of RSW generated per person.

For waste quantification and characterization purposes, the
community studied was divided into two areas so as to facilitate
the handling of sampled waste. The first stage was sampled during
October and November. The second stage was implemented during
the months of May and June.

For the third stage, the households sampled were those who
agreed to go on participating in the solid waste project; this means
that the households included in the third stage had already partic-
ipated in the previous stages.

To find the relationship between the RSW generated and the de-
fined variables, data of the matrices constructed with the informa-
tion from the three stages was studied to analyze the behavior of
waste generation throughout the years. After concentrating the
data in each matrix of results, the relationship among all the pairs
of variables was explored, especially the relationship between RSW
per capita and each of the predictor variables. To observe such rela-
tionship, the software Statistica Version 6 was used to plot matrix
graphs.

For each waste sampling stage, a different mathematical model
was developed, so as to look for the model which showed the best
linear relation to predict residential solid waste generation. Later
on, seven models that explored the combinations of included vari-
ables were established, and those which showed the higher R2

were selected. The first three models were generated with two
variables. Normality and homoscedasticity tests were applied to
these models in order to generate a linear model. Following that,
three models were generated with three variables, and the tests
applied to them were normality, multicolinearity and heteroske-
dasticity. Finally, a seventh model was generated, formulated with
four variables, and the test applied to it was the Durban–Watson
test. Using the results obtained for these models, a general mathe-
matical model is proposed, which will enable prediction of residen-
tial waste generation.

2.3. Modeling residential solid waste generation

This modeling started out as a model of linear function, fol-
lowing the steps indicated by Mendenhall (1990). A regression
model was determined for each of the variables included in
the model: education, income per household and number of res-
idents, aimed at calculating the generation of RSW per dweller.
The model of linear function used is represented in the following
equation:

Y ¼ aþ bX1 þ e ð1Þ

a is the intercept and it indicates the mean value of the response
variable when = 0; b is the slope and it indicates the average change
in the response variable, when the random variable rises; e is the
term of the average random error or the expected value equals zero
E(e).

Variables more closely related among each other were looked
for, and the regression model was created so as to subsequently
calculate the coefficient of determination or the correlation be-
tween variables. However, if the coefficient of determination R2

or the correlation coefficient R was low (less than 35%, Mendenhall,
1990), it was determined that the model was too ‘‘poor” to make
any prediction.

In order to improve the model, the following alternatives fre-
quently used in regression statistics were applied:

Table 1
Definition of variables for the mathematical model and information analysis

Variable name Symbol Type Unit of
measure

Average education per household XEDU Independent
discrete

Education/
household

Number of residents per household
(density)

XHAB Independent
discrete

Persons/
household

Income per household XINC Independent
continuous

Income/
household

Per capita production of residential
solid waste (RSW) per day

YRSWpc Dependent
continuous

g/person-
daily

Table 2
Determination of numeric values for the different levels of education

Education level Value Observations

No education 0 Those individuals who have not attended
primary school or any other education
level

Primary (elementary school) 1 Only those who indicated that they have
completed primary education

Secondary (junior high) 2 Only those who have completed secondary
education were included in this level.
Those who have incomplete secondary
studies were included in the immediately
preceding level

Preparatory (high school) 3 Only those who indicated that they have
completed preparatory school. Those who
have incomplete preparatory studies were
included in the secondary education level

Professional degree 4 Only those who indicated that they have
completed the professional education level
were included. Those who have
incomplete professional studies were
included in the preparatory education
level. (Both higher and postgraduate
education levels are included here)

S. Ojeda Benítez et al. / Waste Management 28 (2008) S7–S13 S9
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(a) Transformation of the independent or predictor variable
(X = education, number of dwellers or income per house-
hold) or the dependent variable (RSW generation per capita)
or both and use of a linear model.

(b) Usage of a polynomial variable with an independent or pre-
dictor variable or

(c) obtaining more independent or predictor variables and
using multiple linear regression.

In the first case, it is meant to find the most appropriate trans-
formation of the variables. A lot of time can be spent searching this
transformation and, besides, we could find a very optimistic model,
excessively satisfying the trend of the sampled data, also called
‘‘overfitting” (Mendenhall, 1990), though ‘‘poor” in making predic-
tions as a standard deviation or an excessively large variance can
be observed.

In the second case, the adjustment can be easier although it is
also easier to be led into the optimistic model and many calcula-
tion problems may be generated as colinearity problems may arise.

The third case is the most widely used and convenient alterna-
tive of the research. The advantage is that is has an analogy with
the first case (the case with two variables), but it requires the han-
dling of vectors and matrices.

The third case was used in our study and the interactive use of
the independent variables involved in regression models was
shown. The study began with the exploration of the relationship
between all the pairs of variables, mainly the relationship of RSW
per capita with each of the previously found variables.

2.4. Analysis for modeling

The relationships of all the pairs involved in the dependent var-
iable (YRSWpc) were explored with each of the predictor variables.
In order to determine the model that could explain the predictor
variables, seven tests were applied.

First, each data matrix was analyzed separately, i.e., by year of
sampling to determine the goodness of fit measures. Then, the nor-
mality of each matrix was calculated to check the normality of
data, to determine that the assumptions of the model are complied
with, and, if necessary, to explain the reasons for a poor adjust-
ment of a model.

The Kolmogorov–Smirnov was the third test applied. In this
test, special attention was paid to the p-value or probability value.
Then, multicolinearity was calculated since it is a problem which
commonly arises in the analyses of multiple regression models.
To assure that the multicolinearity is kept to the minimum, first

some simple correlations were made between pairs of independent
variables before setting out the problem of multiple regression.

The fifth test was the calculation of the heteroskedasticity,
which means that the variance of errors is not constant, but rather
changes. In order to identify the problem of heteroskedasticity, a
diagram with the following values was drawn: Ŷ = YRSWpc (esti-
mated value of the regression model) with its corresponding resid-
uals e = (yi � ŷi), yi = RSWpc observed value.

The methodology to find the heteroskedasticity estimators was
used to observe that residuals did not vary for the different Ŷi val-
ues. In this study, it was only calculated for linear models with two
variables.

The Durban–Watson test was the last one. This test was applied
to detect the problems of first-order autocorrelation in residuals.
The presence of correlations indicates that data is not independent.

3. Results

This section introduces the results concentrating the quantifica-
tion of variables identified to build the mathematical models
explaining residential solid waste generation.

In order to find a model for predicting the behavior of the waste
generated, various analyses were carried out in each stage. In this
case, the results incorporating the three stages in a single diagram
for each variable will be shown, establishing certain important
relationships from which we may infer some information.

3.1. Variable analysis

The results derived from variable concentration are:

1. Education. Concentrating the education variable in the three
stages against the quantity of RSWpc generated, it was
observed that there was an increase in the production of RSWpc
for the third stage, mainly in households with primary educa-
tion, followed by households with professional careers, though
to a lesser extent. The information available regarding the two
previous stages indicated that the primary levels of education
were the ones generating more RSWpc and the ones generating
less were those belonging to the professional levels. This trend
remained up to the last study, which showed an increase in
waste generation (see Fig. 1).

2. Population density. Information in Fig. 2 presents the population
density per household in the three stages against the quantity
of RSWpc generated. The diagram shows that there was an
increase of the generation of RSWpc in the third stage in those
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Fig. 1. Residential solid waste generation and education.
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households with 2 and 3 residents, while in households with a
larger number of residents, the generation of RSWpc decreases.
This trend was observed in the three stages.

3. Income per household. Fig. 3 shows the income concentration per
household in the three stages against the quantity of RSWpc
produced. Here, it was observed that those people with a higher
income are not the ones generating more RSWpc, as was
observed in some other studies (Orccosupa, 2002). In this study,
we found that the people with an income between 400 and 725
Mexican pesos (equivalent to $34.78–$63.04 US dollars) per
week were the ones producing more RSWpc (between 400
and 1300 g/day).

In Figs. 1–3 it may be observed that a series of results and infer-
ences may be produced for each variable but that the results are
not enough to determine the variables that may predict the behav-
ior of residential solid waste generation. Therefore, it is necessary
to examine the relationship that exists between the variables. To
do so, an option of analysis was to calculate a regression model
to ensure a greater reliability of the results as the relationship that
exists between the variables is not being analyzed and, conse-
quently, a satisfactory interpretation cannot be given merely based
on basic statistics. Due to this problem, we looked for the best op-
tion to calculate a regression model having greater result
reliability.

The results for the average of sampled data of the three stages
are shown in Table 3.

3.2. Statistical analysis of the models

In order to determine the predictions with the regression mod-
el, the relationship between what is known and the future event
was established, finding the relationship of the variables involved
in RSWpc generation. In this mathematical model with the regres-
sion analysis presented, an estimation equation was developed
that links the variables found with the RSWpc variable and their
degree of relationship.

Once the parameters of normality for the three samplings are
calculated, the concentration of these samplings in a single one
was made and, when they were within the parameters of normal-

Average of RSW/day 
first stage

Average  Weight of 
RSW/day second stage

Average  Weight of 
RSW/day third stage

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2 3 4 5 6 7 8
Number of person per household

R
SW

 g
en

er
at

io
n 

pe
r c

ap
ita

 in
 g

Fig. 2. Generation of residential solid waste and population density per household.
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Fig. 3. Generation of residential solid waste and income per household/day. (Note: Income in Mexican pesos (US$1 equals to 11.50 Mexican pesos)).

Table 3
Averages of the samples performed in the three stages

Variable N Average Minimum Maximum
standard
deviation

Education 56 3 1 4 0.97
Residents 56 4 2 6
Income per week (Mexican

pesos)a
56 262.27 60.51 966.57 189.39

RSWpc g/person-daily (g)/
person-day)

56 627.08 291.37 1559.91 241.74

Source: Database of the three stages of the ‘‘Villa del Palmar” study.
a 11.50 Mexican pesos is the equivalent to US$1.
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ity, the mathematical equations of modeling were calculated. In Eq.
(2), the interpretation of the estimated regression coefficients for
the linear regression model with two variables, shown in Table 5,
whose equation with the best coefficient of determination R2 is
presented,

YRSWpc ¼ 941:26� 88:81XHAB ð2Þ

Eq. (2) was considered the best estimation of the regression model
compared to the other two models (YRSWpc vs. XEDU and YRSWpc vs.
XINC).

The interpretation of this linear equation for each of its coeffi-
cients is the following: The slope �88.81 (named b, b1 or degree
of line slope) indicates the average change of the response variable,
when the predictor variable increases an additional unit. The inter-
cept 941.26 (called a) indicates the average value of the response
variable when the predictor variable equals zero. However, it lacks
practical interpretation if we consider that the range of XHAB values
includes zero. Consequently, it means that, the quantity of residen-
tial solid waste per person will decrease (on average, 88.81 g)
when we add an extra person per household.

Observing the models calculated for the two variables, it was
found that they are models that only work for a certain number
of residents, between 1 and 8, because if we consider a household
with 10 or 15 residents, the model would give a very low and neg-
ative generation of residential solid waste. This would be some-
thing illogical, even if the coefficient of determination may
establish that there is a relationship between the variables. If the
coefficient of determination for this model is interpreted, it would
indicate that it can only explain 18% of the results. The coefficient
is too low for the normal standards of interpretation (Mendenhall,
1990; Ostle and Malone, 1988) where it should be higher than 50%.

The linear model with three variables which produced the best
coefficient of determination is shown in the following equation:

YRSWpc ¼ 900:52� 87:52XHAB þ 0:12XINC ð3Þ

The interpretation of this linear equation for each of its coefficients
is the following: keeping variable XINC unchanged means that, on
average, the quantity of residential solid waste per person will de-
crease 87.52 g, when we add one dweller per household, and keep-
ing variable XHAB unchanged means that the average of RSWpc will
increase in 0.12 g for each peso of income that may come into the

household. As the linear equation for two variables, this three-var-
iable model is also restricted to a certain number of residents and
amount of income.

A similar interpretation could be applied to the four-variable
model and to the curvilinear model. In the results of the three
models already averaged, it was observed that the coefficient of
determination improved, when finding the average of the data,
getting closer to a better interpretation of the results and to a bet-
ter reliability than that obtained in the samplings separately. This
is so because more information was obtained in order to calculate
the models.

Calculating the results of the models in Table 5, with the aver-
age of residents per household, the average of education and the
average of salary per household, we found the generation of RSWpc
presented in Table 4.

Statistics is a tool that provides elements to build models and to
identify variables that should be included in the modeling, regard-
ing education, residents and income per household. This value may
vary depending on the confidence interval that we assign to the
model, normally estimated in a confidence between 95% and 99%.

In Table 5, linear models obtained for the sampling averages of
the three stages are presented. In Eq. (4), the linear model with
three variables (RSWpc vs. residents, income) is presented, the F
distribution hypothesis testing is rejected, there is a relationship
between the variables and the model explains 45% of the results,

YRSWpc ¼ 1337:0� 171:3XHAB � 0:01XINC ð4Þ

It was possible to put forward the model presented in Eq. (4), which
explains 45% of the results. This model relates solid waste genera-
tion with the number of residents and their income; this shows that
a relationship among variables exists, but the relationship with the
variable income is very low (inhabitants b = �0.67 and income
b = 0.008). Based on this, it is possible to say that it is not the most
suitable model for our proposal; evidence shows that when the in-
come variable, is included it is necessary to be very careful when
the field data are obtained because people often omit this informa-
tion or give it imprecisely.

In Eq. (5), the linear model with four variables (RSWpc vs. edu-
cation, residents and income) is presented; the F distribution
hypothesis testing is rejected and the model explains 51% of the
results,

YRSWpc ¼ 1560:0� 64:1XEDU � 187:5XHAB þ 0:1XINC ð5Þ

where YRSWpc was considered a dependent variable of the variables
education, residents and income per household.

4. Discussion and conclusions

Statistical analysis is a tool that provides elements to build
models and to identify variables that should be included in the

Table 5
Linear models for sampling averages of the first, second and third stage (significance level a = 0.05)

Model R2 Distribution F(1,54), F(2,53), F(3,52) F Probability p< Distribution t(54), t(53), t(52) t Probability p<

Linear model with two variables
YRSWpc = 666.25 � 13.88XEDU 0.00 0.17 0.6820 6.6 0.0000
YRSWpc = 1339.5 � 171.2XHAB 0.45 44.55 0.0000 12.2 0.0000
YRSWpc = 627.06 � 0.00XINC 0.00 0.00 0.9997 11.2 0.0000

Linear model with three variables
YRSWpc = 1563.4 � 58.0XEDU � 185.7XHAB 0.50 28.86 0.0000 11.0 0.0000
YRSWpc = 663.89 � 15.08XEDU + 0.02XINC 0.00 0.09 0.9136 6.42 0.0000
YRSWpc = 1337.0 � 171.3XHAB + 0.00XINC 0.45 21.87 0.0000 11.60 0.0000

Linear model with four variables
YRSWpc = 1560.70 � 64.1XEDU � 187.5XHAB + 0.1XINC 0.51 18.00 0.0000 10.94 0.0000

Table 4
Residential solid waste generation per capita

Model Predictor variable Generation
in g RSWpc

YRSWpc = 1339.50 � 171.2 XHAB XHAB = 4 654.7
YRSWpc = 1563.40 � 58 XEDU XHAB = 4, XEDU = 3 646.6
YRSWpc ¼ 5505:3� 3186:3XHABþ

744:91X2
HAB � 74:043

HAB þ 2:494
HAB

XHAB = 4, XEDU = 3, XINC = 262 644.6

YRSWpc = 1339.5 � 171.2XHAB XHAB = 4 577.5
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modeling. In this research, statistical tests were applied to deter-
mine the models that better predict waste behavior. To do so, the
tool used was modeling.

To determine the predictions with regression models, it is nec-
essary to establish the relationship between what is known and the
future event, finding the relationship of the variables involved in
the generation of residential solid waste per capita (RSWpc).

In various research studies, regression and correlation analyses
were used. Among others, the following may be mentioned: Orcco-
supa (2002), Jacobs and Everett (1992) and Fabricino (2001). In the
mathematical model with the regression analysis developed in this
paper, an equation that links the variables related to education,
number of residents and income with the RSWpc variable and
the degree of relationship was developed.

The quantity of solid waste generated by a family and by the
population, as well as its final disposal, is relevant for the analysis
of sustainability. The volume, weight, composition, time period of
exposure and final disposal of the waste produce significant im-
pacts on the physical-biotic environment and on human health, re-
lated to the atmospheric pollution, soil contamination, and
groundwater and surface water contamination, threatening the
planet’s sustainability. It is worthwhile to bear in mind that the
quantity of waste not only depends on the number of inhabitants
of a population but is related to other factors as the process of
urbanization, consumption patterns, cultural practices related to
waste management, income, technology usage and industrial
development.

One of the most relevant inadequacies concerning MSW man-
agement and final disposal is the existing unawareness on the phe-
nomenon, both in conceptual and in factual terms. For example, in
the majority of cities in Mexico, the quantity and the composition
of all the generated waste are not identified and,
therefore, decision-making is difficult. Thus, it is important to ob-
tain support from modeling to explain the behavior of solid waste,
especially when based on real data, as it is the case presented in
this paper.

The model proposed in this work is the one presented in Eq. (5).
The model is a four variables linear model with one dependent var-
iable (per capita waste generation) and three independent vari-
ables (education, residents and income per household). From the
models obtained in this work, this is the one that can explain the

51% of the results, showing that a relationship among variables
exists.
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