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Abstract

Aims: In this paper we present a prototype of a computational system, running on the web, for
the estimation of environmental impact caused by urban development. The system represents
and manipulates the expert knowledge of the environmental impact domain through the
collaborative interaction of two important artificial intelligence techniques: expert systems and
neural networks.

Methodology: We used an environmental impact estimation methodology based on three
phases that are: the identification, characterization and evaluation of the environmental impact.
Specifically, the system uses heuristic rules for the identification of environmental impacts;
neural networks for the impacts characterization and decision algorithms for their evaluation.
Results: The main result of this work is a prototype of a computational platform, highly visual
and interactive, that provides the user with a continuous availability of knowledge and
procedures used by experts for the analysis and the assessment of environmental impacts. The
user provides the system with previously recollected data of environmental scenarios, and the
system produces estimations about the possible negative consequences entailed by a new
urban project.

Conclusion: We represented and implemented the expert knowledge and procedures for the
estimation of environmental impact. We discussed the design and implementation of a
computational system that provides support to the estimation of environmental impacts
generated by urban development. This estimation is very important because it allows proposing
measures that reduce, eliminate or compensate significant environmental impacts.

*Corresponding author: mgomez@correo.cua.uam.mx;
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1 Introduction

Urban projects, such as dwellings development, schools, hospitals, etc. offer benefits to society,
but their construction has some negative consequences for the environment, for example, the
destruction of forest areas, the stock out of non-renewable resources or the increase of vehicular
traffic [1]. Such changes can be studied for their planning and prevention through an automated
and interactive representation of possible environmental scenarios caused by a particular urban
development.

In the last two decades, different modelling approaches have been developed to deal with
environmental impact assessment, from information systems —mainly Geographic Information
Systems (GIS)— to artificial intelligence models —expert systems [2-6], artificial neural networks
[7,8] and agent-based systems [9]. Accordingly, different computational tools for environmental
impact assessment have been developed.

Multiple studies and techniques deal with the impact of sustainable development (due to
transportation and economic systems) on the environment and vice-versa. The works [10-16]
specifically talk about state of the art practices and the generation of such systems to highlight
environmental impacts on urban development.

On the side of artificial intelligence models, expert systems have been widely used; we could cite
the following works. Study [3] presents a rule-based expert system with backward chaining for
environmental impact assessment. The expert system provides advice for hydropower
development and river regulation projects. Work [4] proposes a rule-based expert system for the
identification of environmental impact. The expert system takes data from a geographic information
system to configure the knowledge base, the inference motor and the user interface. Study [6]
presents an expert system for environmental compliance auditing. The expert system integrates
Geographic Information System (GIS), Statistical and Database software packages for
environmental compliance auditing. Work [2] describes a forward chaining hybrid expert systems
for environmental and technological risk assessment and management tasks. The real time expert
system uses simulation models, GIS and estimations derived from the forecasting models in its
inference. As a final example, [5] presents an expert system that integrates environmental factors
into the supplier selection process. The knowledge-based system employs both case-based
reasoning and decision support components as part of its inference engine.

However, the vast majority of work carried out in analysis and assessment of environmental impact
consists of theoretical proposals, rendering it very difficult to find a computational tool that provides
the user with the support required to assess environmental impact produced by urban
developments.

The problem we address is as follows: there is not a computational platform, in Mexico, that
integrates the three main phases of the commonly used methodologies for the environmental
impact estimation caused by urban projects, which are: identification, characterization and
evaluation [1]. In order to provide a valuable support for the estimation of the environmental impact
produced by urbanization project, we designed and constructed a computational platform
prototype -a hybrid expert system-, based on expert knowledge. The tool provides results that
allow valuating how the urban project will affect the environment, aiming to help planning
modifications that minimize the destruction of natural factors.

Urban projects are not only limited to the construction of facilities providing services, such as
schools, hospitals, malls and dwelling developments. There are also projects like construction of
military areas, airports, conversion of abandoned industrial parks, railway stations, rehabilitation of
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marginal housing, and construction of new public transport models, among others. An urban
project impacts not only the physical environment, but also the socioeconomic. In this first phase,
we analyse the impact on the physical environment, also called natural environment, of urban
dwellings projects.

The principal problems to be faced during the evaluation and diagnosis of the impact produced by
urbanization projects in Mexico are the following: i) information is scattered and distributed in
different sources, ii) it is required consulting with experts in the field, who are not always available,
iii) there isn’t an integral computational tool in Mexico that helps with this work. The proposed
computational platform implements the different activities involved in environmental impact
assessment through the use of techniques such as expert systems [17], artificial neural networks
[18] and numerical methods.

In section 2 we briefly explain the methodology for the study of the environmental impact in urban
projects, and show how this methodology is implemented in a computational system. In section 3
we describe the Computational Platform for the Estimation of the Environmental Impact (CPEI). As
a result of the expert knowledge acquisition related to environmental analysis domain, we obtained
the representation, encoding and availability of such expertise in CPEI. The use of this expertise is
exposed through some screenshots of CPEI in section 4. Discussion is in section 5. Finally
conclusions and future work are presented in Section 6.

2 Methodology for the Study of the Environmental Impact of
Urban Projects

In this section we present a summary of the activities involved when an environmental impact
study of a given urban project is done [19]. The environmental impact estimation includes the
following three aspects [1]:

Environmental impacts identification: consists of identifying the effects that the activities
related to the urbanization project will have on the environment.

Environmental Impacts Characterization: it is a qualitative assessment of the environmental
impact, in which the importance level of the identified impacts set is determined.
Environmental Impacts Evaluation: it is a quantitative assessment in which a numeric value is
assigned to the impacts characterized as critical or severe.

As it was previously mentioned, the conceptualized computational system offers support to the
identification, characterization and evaluation of environmental impact, making use of the
knowledge, abilities and procedures applied by experts in environmental areas (see Fig. 1). We
call this system Computational Platform for the Estimation of the Environmental Impact (CPEI),
and it is available at http://eolo.cua.uam.mx:8080/SSICEIA/. The use of CPEI is intended for
Mexican urban projects so it is in Spanish.

2.1 Identification of Negative Environmental Impacts

Negative environmental impacts have to do with pollution and/or territory occupation. In order to
identify them, checklists are made to determine the effects that the project would have in each
aspect on the list. There are four commonly used methodologies for making checklists: the simple
listing, the descriptive, the scale, and the scale and weight. In this project, we used the simple list,
consisting of a list of precedents, which serve to evaluate the aspects of the environment that will
be affected. For this purpose, we based the lists on the SEMARNAT guide [20], considering 150
aspects. The questions in the checklists refer to activities that will be carried out when developing
the urban project under analysis that impacts directly or indirectly the physical environment. Table
1 illustrates an example of the checklist used by the system. The user provides the answers to
these questions and assigns one of 5 possible values.
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Table 1. A checklist sample

a101. Permanent or temporary changes in land use, cover or topography including
intermediates in the intensity of use?

a102. Work removing vegetation and / or soil?

a103. Creation of new land uses?

a104. Pre-construction work such as drilling or soil analysis?

a105. Construction work?

a106. Demolition work?

Expert Knowledge

Acquisition, classification
and representation of
facts, rules, associations,
patterns ' causal relations and logical

inference

Identification, extraction
and recognition of

Artificial neural networks
Knowledge Bases and Expert

Systems
Userinterface lrl:-lf:;;ri'::
I
Knowledge Base Working
| mamaory

Fig. 1. Representation and manipulation of expert knowledge in environmental impact
domain

Table 2 shows the importance levels used to qualify each question on the checklist.



Gonzélez-Pérez et al.; BIMCS, 7(1): 1-17, 2015; Article no.BJMCS.2015.098

Table 2. Importance levels in the environment

Value Answer level
0 No, not significant
1 Little bit

2 Moderate
3
4

A lot
Excessive

The expert system CPEI gets preliminary conclusions based on the importance levels provided by
the user for each one of the questions on the checklist. These conclusions are obtained with
production rules (logical inferences) [17], which are coded in Prolog. Here we present an example
of the required conditions for the system to reach the following conclusion: The Project will make
significant use of any natural resources, especially non-renewable or scarce resources. Each
Preliminary Conclusion (PC) has a code associated with it, in this case PC,. The questions list that
can lead to PC, is the following:

Will the project make use of lands, especially those non-urbanized or agricultural?
Will the project make use of water?

Will the project make use of mineral resources?

Will the project make use of forest resources?

Will the project make use of electricity or fuels?

It is worth noting that some questions have more importance than others. For example, if the use
of water or of forest resources has an answer level greater than or equal to 3, then a high
importance level is assigned to the PC, (level 4), although the other answers have a low level.
Generally, production rules are responsible for assigning an importance level from 0 to 4 to each
one of the preliminary conclusions. To do this assignment, the user must answer all the questions
in the checklist. The system has 23 preliminary conclusions PC;, PC,,... PC,3. Each conclusion
PC, is associated with a list of questions that affect it and its production rule (as inferential
knowledge representation structure), indicating in which extent each question affects it. In addition,
there is a list of 17 final conclusions FCn. These final conclusions are obtained depending on the
value assigned to the preliminary conclusions. Each final conclusion depends on one or more
preliminary conclusions. With the final conclusions, we have an assessment of the impacts
identified according to their attributes. Table 3 shows the example of a production rule of the
system, which infers a partial conclusion, PC, in the example.

Table 3. Example of a production rule for getting a preliminary conclusion

PC,. The project will have significant use of any natural resource, especially non-
renewable or scare resources.

Questions Production rule
If antecedent (index, Answ Level) and
a202. Will the project make use of water? index == “a202” and
a204. Will the project make use of forest and/or Answ Level A202 >=3 or
timber resources? antecedent (index, Answ Level) and

index == “a204” and

Answ Level A204 >=3

Then

Preliminary Conclusion (pc2, 4)

The identification phase ends with the obtaining of 17 final conclusions, which give information
about the project impacts. Once the environmental impacts have been identified, we proceed to
characterize them in order to determine how important each one of them is. The following section
explains the way the system does this characterization.
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2.2 Environmental Impact Characterization

In our project, the environmental impact characterization is treated as a pattern recognition and
classification problem. For such effect, CPEI uses a back-propagation supervised neural network
[21] with three layers: 17 neurons in the input layer (the 17 final conclusions of the identification
phase); 17 neurons in the intermediate layer; and 4 in the output layer, which correspond to the 4
possible rating values of the impact importance. The configuration of this network is shown in Fig
2. The training phase of the neural network has a set of 60 training patterns of the type
input/output, which were presented in an iterative way during 15,000 epochs or iterations.

Notation:

L :layer index

UF :neuroniin the layer L
2
Wf :the weight of the conexion from W

Y

L=3

the neuron i in the layer L to the

neuron j in the layer L +1

n:number of neuronsin the 2\ Hidden layer

input layer L=2

m :number of neurons in the W’;
hidden layer

fi: number of neuronsin the
outputlayer

UD Inputlayer
n
k L=1

Fig. 2. Artificial neural network model used to treat the environmental impact
characterization as a pattern classification problem

During the neural network training phase, the initial mean square error was 20.90, after 15,000
iterations it was reduced to 0.035. With this value, it was possible to get the best network
performance during the answer phase, preventing the overspecialization of the network on the
training. New patterns were presented to the network, which were not a part of the training sample,
and the network answer was successful, because it classified correctly the given patterns. The
qualitative values of the environmental impact are classified in the four categories described in
Table 4, where the importance ranges, for each of the categories in which the neuronal network
can classify, are defined. Notice that these are precisely the ranges defining the characteristics
that must exhibit the training patterns.

2.3 Environmental Impact Evaluation

Leopold's matrix [22,23] is a method to evaluate environmental impacts. CPEI is based on this
matrix to do quantitative assessment of the impacts. To make the evaluation, it is necessary to
have the environmental impact characterization ready with its corresponding impact level. Only the
impacts characterized as moderate, severe or critical are evaluated. In the first phase of the
evaluation, a Leopold matrix is built. Its columns are the activities that affect the biotic factors
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(flora, fauna) and abiotic factors (water, soil, air) of the urban area where the project will take
place; in rows project activities are included.

Table 4. Correspondence between the importance ranges and qualitative values

Importance value Assessment
0-17 Irrelevant
18-34 Moderate
35-51 Severe

52 — 68 Critical

On the other hand, an importance level is given to each activity in the list. This level is the
environmental impact rating, and it is given depending on the negative effect that the activity has
on the environment.

The rating is on a scale from 1 to 10. In the second phase, a quotient that qualifies the interactions
between activities and factors is determined. The numerator represents the activity importance
level (previously given), and the denominator is the level in which the activity affects the
environmental factor in the column, see example in Table 5. Finally, the sum of all these quotients
produces a numerical value for each one of the activities of the project (Total column in Table 5),
this value is the environmental impact of the activity.

Table 5. Leopold's matrix for CPEI

Activities during the project development Air Water Soil Flora Fauna Total
Water use -0/0  -3/3 -1/2 -2/3 -2/2 -8/10
Emissions from production processes -3/12 -2/3 -1/2 -3/2 -1 -10/10
Toxic waste 0/0  -1/3 -1/2 -1/2 -1/1 -4/8

3 The Development Process of the Computational Platform for
the Estimation of the Environmental Impact (CPEI)

CPEI software was developed through the process called “Rational Unified Process” [24]. RUP is a
hybrid model that aims at taking advantage of waterfall [25], evolutionary [26], and reusable
components [27]. RUP is serial in time as the waterfall model. Seen at each phase, it is
evolutionary, because the phases can be composed of multiple deliveries. This reduces risks and
makes it somewhat flexible to changes in requirements. The reuse of components encouraged by
this model, aims at reducing costs and development time. The use of Unified Modelling Language:
UML [28] associated with RUP facilitates analysis and design of the system components. Their
quality control procedures and control of changes contribute to the production of satisfactory
software.

As said by Sommerville [29], “change is inevitable if software systems are to remain useful”,
therefore, for implementing new requirements and bug fixing, we will use Sommerville’s spiral of
evolution. The development of CPEI includes the recommended practices of software engineering,
such as documentation, tests performance, error-reports elaboration [30] and software inspections
[31]. CPEI web pages were built with Java Server Faces, Primefaces framework, and Java, using
mysql database.

In order to help with the understanding of how CPEI works, we describe the system by means of
the User Interface Transition Diagrams (UITD) [32]. An UITD describes interactions between the
user and the system. Fig. 3 shows the login subsystem. The user must enter a correct user
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identification and password to enter the system. The user can also register first and then enter the
home page.

| ExitSystem | [ Start System

— . - f
M |

L s v

L ot .. |

:-Ca ncel Registratio n

Eriter hicoiract | [Bequest Registration|

, User Id promee,
v s Click OK
Enter correct User Id | gFssoNd ) R— 1 J !
bl b .\ | 2] "User Registration” |
M
il Message: \
"Invalid User" E;W:;n_[-)ga‘l
[ Logout [ Save Data
A
3 "CPEI Home"

Fig. 3. System Login

The CPEI Home is described in Fig. 4. In the home page the user can track a current project, do
an estimation of an urban project, and see environmental laws, the impact levels definition, related
documents or already estimated projects.

: login ]

3 "CPEI Home" I ]

Logout |

Iy

I.'l‘.I -
Browse project
L J

J; L b5
\Browse Iaws)

S — | [ N —
| |Browse documentation
u - x -

f 1

\f

[ Track project | See impact
N levels

[ o
y .
[5| "Unfinished E “Related
Urban Project
Tracking”

Documents”

Wy

laws"

8 g
‘ "Environmental

A\
¥

( Estimate |
E "Project Estimation”

Fig. 4. CPEl Home

E
~"Impact Levels

Definition"

y/
T
|

"Results of the
Finished
Project Estimation”

The three phases of the project estimation are carried out from the "Project Estimation" user
interface shown in Fig. 5. First, the user must Identify the impacts in "Environmental impacts
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identification" user interface, which is described in Fig. 6. Once the impacts identification is done,
the user can Characterize the urban project. The characterization done by the neural network is
displayed in "Results of Environmental Impacts Characterization". Finally, once the
characterization is done, the user selects Evaluate project, and the "Results of the Environmental
Impact Evaluation" are displayed as a Leopold’s matrix.

estimate | Return
[s]  "Project Estimation” |
T
Identify | [ Characterize | ( Evaluate |
Wy W W
l‘]_ "Environmental E “RE.SU“ of the 1_3 "Resulks of the
Impacts Identification” Skl Environmental
P Impacts Impacts Evaluation”

Characterization”

Fig. 5. Project Estimation

Identification is the first phase of the impact estimation process. Fig.6 shows the activities that the
user can do during the identification phase. The project must be registered in the "Project
Registration" user interface; also the project environment and the relationship project-environment
must be registered before doing the environmental impact identification. For clarity, we do not
detail the lower level user interfaces (14, 16, 17 and 18, in Fig. 6). The evaluation of the project-
environment relationship is done by means of the checklist explained in section 2.1.

identify | .' return |
._1. -
| "Urban Projects Identification” |
[ Re ist&:ﬁ?Pro'ect ] [Register Ez;;vironn‘ent"' | Eval;;‘ate
\_Reg : ! (&g . I, Project Environment i
i S
F "Project 15 "E'rcject 16| "Evaluation of the
Registration” Environment _relationship
Registration Project-Environment
( Explore area | ( Select ecosystem |

E "Geographic Area E "Ecosystem
visualization" ‘ Selection”

Fig. 6. Environmental Impact identification
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4 Results

We extracted expert knowledge of the domain of the environmental analysis and then encoded
that knowledge — using expert systems and neural networks techniques - so CPEI can process it.
As a result, we have got the completely functional prototype of this hybrid expert system, which
provides a qualitative and quantitative assessment of the impact generated by the urban project.
We used an environmental impact estimation methodology based on the identification,
characterization and evaluation of the environmental impact. We represented and implemented the
expert knowledge for the estimation of environmental impact, with methods and techniques such
as expert systems, artificial neural networks, numerical methods and calculation algorithms. The
computational system was developed as a web application; its home page is shown in Fig. 7.

+ Hivades de Impacts Ambsantal
+  Ewalusr Proyecin Lrbano
v SegurnEcso g8 Proyects Urbens

+ Resgldcs du Impacio Ambantal

Fig. 7. CPEI's home page

We used, as a case study, an urbanization project in Mexico City. We set the objectives,
methodology and the legal support. The evaluation of the project-environment relationship was
done by means of a checklist like the one shown in Fig. 8. At this point the knowledge was
acquired by giving an importance level to each of the environmental impacts. This information was
given to the system by means of a check-list according to values of Table-2: No, Little bit ("poco"),
Moderate ("moderado"), A lot ("mucho"), Excessive ("excesivo").

Once we entered and saved the importance value for each of the environmental impacts we
proceeded to the second phase: the project characterization. In this step the qualitative values of
the environmental impact were classified in the four categories described in Table 4: irrelevant
("irrelevante™), moderate ("moderado"), severe ("severo") and critical ("critico"). Fig.9 shows the list
of final conclusions as a result of the urban project identification. Fig. 9 is in turn part of the input
for the characterization. In addition to the list of final conclusions in Fig. 9, the characterization
phase requires as input the project length and the list of residuals that the project will produce.

Fig. 10 shows the characterization phase output according to our case study. The system
characterized the case study project as moderate. The definition for moderate is: "At this level the
effect on the environment does not require intensive remedial or protective practices. The return to
the initial state of the environment does not require a long period of time ".

Evaluation is the third phase of the project estimation, in this phase the system uses the Leopold
matrix to evaluate the urban project. Fig. 11 shows the Leopold matrix as a result of a case study.

10
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Sistema de Soporte a la Identificacion, Caracterizacion y Evaluacién de Imapacto Ambiental

Usuario: Joaquin

Respuesta Identificada I
» Leyes Ambientales 1.1, ;Cambios permanentes o temporales en el uso de suelo, cobertura o topografia incluyendo T
1 intermedios en la intensidad de use?
*  Niveles de Impacto Ambiental 1.2. ;Labores de eliminacion de vegetacidn y/o suelos? Poco
~ Estimar Proyecto Urbano 1.3. ;Creacion de nuevos usos de suelo? N.D g
z Significative
e tiaste de B = 1.4. ;Labores previas a la construccion como realizacion de perforaciones y analisis de suelo? | Mucho
I 1.5. ;Labores de construccion? Mucho
- 2 1.6. ;Labores de demolicion? No
- o : Significativo
» Seguimiento de Proyecto Urbano 1:7s gTerrenus ocupados temporalmente para labores de construccion de viviendas para los N.o o
trabajadores? Significative
* Resutados de Impacto Ambiental 1.8. ;Construccidn en superficie, incluyendo la realizacion de desmontes y terraplenes? Moderado
: No
1.9. ;Trabajos de tunelade? C g .
Significativo
: s No
1.10. ;Trabajos de restauracion? S
Significative
No
1.11. ;Dragados? e e
éoragacos Significative
- 1.12. :Procesos de produccion v manufacturacion? i X

Fig. 8. Checklist (for the environmental impact identification)

11
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Usuario: Joaquin

Caracterizacion de Proyectos Urbanos
+  Leyes Ambientales
Moderadeo cf1: El proyecto producira un cambio grande en las condiciones ambientales
+ Niveles de Impacto Ambiental
~ Estimar Proyecto Urbano Moderado cf2: Los elementos del proyecto chocaran con el medio
Caracterizar Proyecto Urbano Mucho cf3: Los impactos causados por el proyecto seran inusuales en el area
Poco cf4: El impacto se extendera sobre una gran superficie
Moderadeo cf5: Existiran impactos transfronterizos
+  Seguimiento de Proyecto Urbano
» Resutados de Impacto Ambiental Moderade cf6: La poblacion se vera afectada por el proyecto
Moderade cf7: Existiran otros receptores afectados (fauna, flora, economia, servicios, etc
No significativo cf8: El proyecto afectara elementos o recursos de gran valor o escasos
Poco cf9: El proyecto generara riesgos de sobrepasar limites legales medioambientales
javascript:cambioPagina( faces/CaracterizarElAxhtml') D ce———————————————————————

Fig. 9. Final Conclusions are the identification output and a characterization input

12
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Sistema de Sopo
Usuario: joaquin

Atributos de impacto ambiental

En este nivel se contempla un efecto cuya recuperacion no
precisa practicas correctoras o protectoras intensivas y en el
que el retorno al estado inicial del medioambiente no requiere
un largo espacio de tiempo.

Leyes Ambientales Intensidad de los impactos

ambientales

rebieles sl mpacte Ainken tel Extension del impacto ambiental

Momento de manifestacion del
impacto

~ Estimar Proyecto Urbano

Caracterizar Proyecto Urbano Persistencia del impacto ambiental
Capacidad de recuperacion
Relacion causa - efecto MODERADO

» Seguimiento de Proyecto Urbano

Interacciones de acciones y efectos

Impacto segun su periedicidad

+  Resutados de Impacto Ambiental

localhost:8080/551CHA faces/Inicioxhtmli®

Fig. 10. Results of the environmental impact characterization

13
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Usuario: Joaquin

+  Leyes Ambientales [ cf1: El proyecto
oducira un
cambio grande en|| &/ 4/3 2/4 6/4 3/3
las condiciones

»  Niveles de Impacto Ambiental

~ Estimar Proyecto Urbano

B

2/4

w

Evaluar Proyecto Urbano provecto 3/3 4/3 3la

5 cf3: Los i aH
oyecto seran || 6/ 3 4/3 2/4 3/4 6/
+  Seguimiento de Proyecto Urbano inusuales en el

4 area

+ Resutados de Impacto Ambiental cf4- El impacto se
1 extenderd sobre ; .,
una gran
supetficie
cf5: Existiran
impactos 6/3 4/3 3/4 6/4 B
transfronterizos

4

[*¥)

e

severaafectada || ©/ 3 4/3 2/4 6/4

wa
(%)

Fig. 11. Results of the environmental impact evaluation
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5 Discussion

CPEI concentrates the experts' knowledge and uses it to provide a study of environmental impact
assessment of an urbanization project. In addition, CPE| concentrates information storage that
otherwise would be scattered in many places. It also helps projects by reducing the time it takes to
get this analysis so that costs and delays may be reduced.

Unlike conventional methods, ANNs are able to model complex relationships between the input
and output data. With the development and implementation of CPEI we confirmed that an ANN is
able to classify the inputs even if this classification is very complex.

In order to take advantage of CPEI, it could be linked to the database of the Mexican government
institutions that perform environmental impact studies.

6 Conclusion and Future Work

An urbanization project must undergo the study of its environmental impact before being approved,
so as to evaluate the foreseeable effects on the population, flora, fauna, soil, air, water, climatic
factors and landscape and material assets, including the artistic and archaeological heritage. The
evaluation of these impacts is very important because it allows proposing measures that reduce,
eliminate or compensate the significant environmental impacts.

In this work we have presented an interdisciplinary project that merges the environmental impact
domain with the artificial intelligence techniques. The resulting computational system prototype
provides support to the identification, characterization and evaluation of environmental impacts
generated by urbanization projects. A crucial feature of this tool is the ideal representation,
manipulation and permanent availability of the expert knowledge of the domain through expert
systems techniques (identification phase), artificial neural networks (characterization phase) and
algorithmic and numerical methods (evaluation phase). We are currently adjusting the system
comparing it to real cases of studies to get an optimum answer.

We demonstrated, with a fully functional system, that neural networks and production rules are
useful to get the required report of the environmental impact of urban projects estimation,
according to the Article 8 of the Mexican General Law of Ecological Equilibrium.

Among the wide range of future development alternatives for the CPEI is the increase of analysis
level in the checklist, the addition of methods different to the Leopold matrix for evaluating, and
adding specialized methods to evaluate specific environmental impacts, such as pollution in air,
water, soil, etc.

Competing Interests

Authors have declared that no competing interests exist.

References

[11 Instituto Nacional de Ecologia. La Evaluacion de impacto ambiental. Secretaria de Medio
Ambiente, Recursos Naturales y Pesca. Direccidn. Ejecutiva de Participacion Social, Enlace
y Comunicacion INE; 2000. Spanish.

[2] Fedra K, Winkelbauer L. A hybrid expert system, GIS and simulation modeling for
environmental and technological risk management. Computer-Aided Civil and Infrastructure
Engineering. 2002;17(2):131-146.

15



Gonzélez-Pérez et al.; BIMCS, 7(1): 1-17, 2015; Article no.BJMCS.2015.098

[3]

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Hakansoon A. An expert system for the environmental impact assessment method.
Research Report, Research Report Series; 2004. ISSN: 1403-7572. Uppsala Universitet,
Sweden.

Herrero-Jiménez CM. An expert system for the identification of environmental impact based
on a geographic information system. Expert Systems with Applications. 2012;39(8):6672-
6682.

Humphreys PK, Mcivor RT, Chan FT. Using case-based reasoning to evaluate supplier
environmental management performance. Expert System with Applications. 2003;25(2):141-
153.

Zaki NM, Daud M. Development of a computer-aided system for environmental compliance
auditing. Journal of Theoretics. 2001;3(5).

Spitz F, Lek S. Environmental impact prediction using neural network modelling. An example
in wildlife damage. Journal of Applied Ecology. 1999;36(2):317-326.

Jianzhi Li, Zhenhua Wu, Hong-Chao Zhang. Application of neural network on environmental
impact assessment tools. International Journal of Sustainable Manufacturing. 2008;01:100-
121.

Sokolova MV, Fernandez-Caballero A. modeling and implementing an agentbased
environmental health impact decision support system. Expert Systems with Applications.
2009;36(2):2603-2614.

Ambrosino G, Aassoli P, Bielli M, Romanazzo M. A modeling framework for impact
assessment of Urban Transport Systems. Transportation Research Part D. 1999;4:73-79.

Maheshwari P, Khaddar R, Kachroo P, Paz A. Dynamic modeling of performance indices for
the planning of sustainable transportation systems. Networks and Spatial Economics; 2014.
DOI: 10.1007/s11067-014-9238-6

Awasthi A, Omrani H. A hybrid approach based on AHP and belief theory for evaluating
sustainable transportation solutions. International Journal of Global Environmental Issues.
2009;9(3):212-226.

Huzayyin S, Salem H. Analysis of thirty years evolution of urban growth, transport demand
and supply, energy consumption, greenhouse and pollutants emissions in Greater Cairo.
Research in Transportation Economics. 2013;40(1):104-115.

Amekudzi AA, Khisty CJ, Khayesi M. Using the sustainability footprint model to assess
development impacts of transportation systems. Transportation Research Part A.
2009;43:339-348.

Paz A, Maheshwari P, Kachroo P, Ahmad S. Estimation of performance indices for the
planning of sustainable transportation systems. Advances in Fuzzy Systems; 2013.
Available: http://dx.doi.org/10.1155/2013/601468

Awasthi A, Chauhan SS, Omrani H. Application of fuzzy TOPSIS in evaluating sustainable
transportation systems. Expert Syst. Appl. 2011;38(1):12270-12280.

Rajiv Chopra. Artificial Intelligence: A practical approach. First Edition, S. Chand &
Company; 2012.

16



Gonzélez-Pérez et al.; BIMCS, 7(1): 1-17, 2015; Article no.BJMCS.2015.098

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Hertz J, Krogh A, Palmer R. Introduction to the theory of Neural Computation. Addison-
Wesley; 1991.

Lopez Vazquez L. Estudio y evaluacion de Impacto Ambiental en Ingenieria Civil, Editorial
club Universitario; 2012, Espafia. Spanish.

Secretaria de Medio Ambiente y Recursos Naturales (SEMARNAT), Guia para la
presentacion de la manifestacion de impacto ambiental para proyectos que requieran
cambio de uso de suelo o proyectos agropecuarios, México, 2002. Spanish.

Hecht-Nielsen R. Neurocomputing, Addison Wesley; 1990.

Glynn H, Heinke G. Ingenieria ambiental. Prentice Hall; 1999.

Gomez-Orea D, Gomez-Villarino MT. Evaluaciéon de Impacto Ambiental. Ediciones Mundi-
Prensa, Espana; 2013. Spanish.

IBM, Rational Unified Process ®, Best Practices for Software Development Teams. Rational
Software white paper TP026B, Rev 11/01

Royce WW. Managing the development of large software systems, IEEE Wescon, Aug.
1970, reprinted in: Proc. 9th Int. Conf. on Software Engineering (ICSE-9), IEEE/ACM.
1987;328-338.

Larman C, Basili VR. Iterative and incremental development: A brief history. IEEE Computer;
2003.

Crnkovic I, Larsson M. Building reliable component-based software system. Artech House
Publishers; 2002.

Booch G, Rumbaugh J, Jacobson |. The unified modeling language user guide. Addison-
Wesley; 1999.

Sommerville. Software engineering, 7" Ed., Pearson Education; 2004.

IEEE STD-730 Standard for Software Quality Assurance Plans, IEEE Computer Society;
2002.

Gilb T, Graham D. Software inspection. Ed. Adison-Wesley, 4t Ed., England; 1998.

Gomez MC, Cervantes J. User Interface transition diagrams for customer-developer
communication improvement in software development projects. Journal of Systems and
Software. 2013;86(9):2394-2410.

Available: http://dx.doi.org/10.1016/j.jss.2013.04.022

© 2015 Gonzalez-Pérez et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your
browser address bar)

www.sciencedomain.org/review-history.php ?iid=932&id=6&aid=7861

17



