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State of the art on using Geotechnology to support
neighbourhood impact studies

by Gerson Jos¢ de Mattos Freire! and Ana Clara Mourdao Moura!

Since its creation by the Brazilian City Statute (Brazil, 2001), the
Neighbourhood Impact Study (NIS) has been consolidated as an impact
analysis instrument, as a result of urban development implementation and
operation. Law provides urban policy guidelines and defines NIS as a nec-
essary tool to «obtain the construction, enlargement or operation licenses
and permissions, under the responsibility of the local governmenty for pri-
vate or public undertakings and activities within urban areas, which may
cause «positive and negative effects on the quality of life of the population
living in the impacted area and its surroundings, by undertakings and ac-
tivities». The same law provides that the uses depending on the develop-
ment of the NIS to obtain licenses and permissions, will be defined by mu-
nicipal law, further establishing a minimum mandatory content of the NIS,
which comprises issues on population density, urban and community
equipment, use and occupation, real state valuation, traffic generation and
demand for public transportation, ventilation and lighting and urban land-
scaping and natural and cultural patrimony. Thus, local government pro-
vides urban planning possibilities. This paper intends to contribute to dis-
cussions on this issue, featuring the NIS as an Environmental Impact As-
sessment and pondering on the possibilities of impact analysis on the
neighbourhood, with the use of tools deriving from the Geotechnologies.

Introduction

Since its promulgation in 1988, Brazilian Federal Constitution has a his-

1'School of Architecture, Federal University of Minas Gerais (Brazil).
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tory of discussing urban planning themes, notions and guidelines, such as
property’s social role, balanced urban growth and state action tools for in-
suring social justice (Soares, 2003, p. 287). However, these policies were
not regimented, accomplishment which only occurred with the Brazilian
Federal Law no. 10257, of July 10, 2001, known as the “City’s Statute”.
This law establishes general directives for urban policies, while handling
matters of social interest, especially regarding the use of propriety for col-
lective interests, environmental balance, and the promotion of the full de-
velopment of a city’s social functions. Also, this law offers new instru-
ments for urban organization, as well as regimenting those previously fore-
seen.

This law also intended to anticipate mechanisms for state interventions,
which would regulate urban policy on major cities. The Statute seeks to
augment people’s participation on processes involving decisions of great
collective interest and on the implementation of projects which might com-
prehend structural transformations on the urban environment or of great ex-
tension.

According to Prestes (2003) «The great advancement brought by the
City’s Statute was to bring society closer to the process of public planning,
foreseeing a series of instruments for fomenting development, financing
urban policies, democratization of urban administration, as well as land
regularization», André et al. (2006) define public participation as the in-
volvement of individuals and groups which are positively or negatively af-
fected by public actions, or which are interested in proposing a project,
program, plan or policy, still subject to a decision process. This involve-
ment is expressed in two instruments, both common in origin, which are of
great importance and are listed on the 4" Article of the City’s Statute as in-
struments of urban policies: the Environmental Impact Study/EIS and the
Neighbourhood Impact Study/NIS.

Environmental Impact Assessment

From the second half of the 19™ century, environmental degradation and
its catastrophic consequences began to be noticed on a global level, origi-
nating innumerable studies and methods for decreasing environmental
damage. One of the first results presented were the studies undertaken by
“The Club of Rome”, which diagnosed earth’s resources and concluded that
the environmental degradation results mainly from the uncontrolled demo-
graphic growth and its consequent demands on global resources. They also
concluded that unless we reach demographic, economical and ecological
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stability, the world’s limited natural resources will be extinct, and with
them, human populations (Meadows et al., 1972). These studies promoted
the association of two ideas: development and preservation of natural re-
sources.

In 1983, the World Commission on Environment and Development, lat-
er known as the Brundtland Commission, was established by the General
Assembly of the United Nations to study issues related to the environment
and economic development. Their works were concluded in 1987, with the
presentation of a diagnostic for global environmental problems. The Com-
mission concluded an urgent need for environmental issues to be intro-
duced in the international political agenda as factors conditioning and limit-
ing traditional models for economical growth and natural resources’ use. In
fact, they were proposing that economical development should be integrat-
ed harmonically to environmental issues, thus originating a new form of re-
lating to the environment, denominated sustainable development. It is also
defined as meeting present needs without damaging the possibility of future
generations to satisfy their own needs (UNWCED, 1987). Thus, the meth-
ods traditionally used for project evaluation, based only on economic crite-
ria, were then on deemed inadequate to guide decisions. Viability studies,
which were almost always limited to cost and benefit analyses (whilst not
considering environmental factors), could have lead to the implementation
of projects and activities resulting in unexpected damages to health, to so-
cial well being, and to environmental resources (therefore reducing its fore-
seen benefits). In order to respond to this new reality’s demands, the Envi-
ronmental Impact Assessment (EIA) became a requirement.

The purpose of the EIA is to reach a high environmental quality stand-
ard for the impacted and studied areas, compatible with the types of life ex-
isting (or to exist) in it. Therefore, the concept of environmental quality,
independently of the kind of study to be undertaken, becomes a guiding el-
ement for the area’s assessment.

In Brazil, the evaluation of a project’s environmental impact is under-
taken accordingly to the guidelines established by the Conselho Nacional
de Meio Ambiente (National Council for the Environment) (CONAMA,
1986), body which considers a project’s impacts on the environment, its na-
ture, probability, temporality, reach, magnitude and reversibility. The legis-
lation’s practical applications gives priority to licensing projects in one-by-
one basis. On each licensing stage, the project’s influence areas are submit-
ted to analyses, in varying sampling degrees, compulsorily by multidisci-
plinary teams, aiming to elaborate a complete diagnostic of the locale.
Methods for evaluating a proposal are structured to compare, organize and
analyze information on environmental impact, including written and visual
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presentation of that information.

Other than a multidisciplinary approach, the methods used on an EIA
need to be concerned with subjectivity issues, quantification parameters, as
well as qualitative and quantitative investigations. Only bearing these in
mind, it is possible to observe the magnitude of these elements’ importance
and the probability of each impact’s occurrence, in order to obtain the kind
of data which would approximate the study to a more realistic conclusion.

Basing on an project’s EIA, the foreseen impacts which should be of a
qualitative evaluation are pointed out. For many cases in which this method
is used, this evaluation is implemented using a pre-fixed table, containing
attributes and an explanatory text and aiming to analyze and relate the pro-
ject’s impact and the possibility of impact mitigation. Among several exist-
ing methodologies, the aspect and environmental impact matrix, initially
described by Leopold et al. (1971), is note worthy for allowing a cross
check between the project’s actions and environmental factors susceptible
to impact. The identification of these actions and of environmental factors
has as a reference the characterization of the project and its surrounding.
The study, in general, uses the installation of the region’s transforming ac-
tivity (the project) as a reference. The methodological structure establishes
bonds between several environmental events:

- the project’s foreseen interventions;

- environmental alterations, which potentially modify the environment;

- environmental phenomena and aspects associated to these modifica-
tions, which may or may not impact the environment’s quality;

- mitigating measures proposed for each foreseen environmental impact,
capable of reducing, neutralizing, or maximizing alterations on the envi-
ronment.

These methods lead to the recommendation of measures to be imple-
mented on an impact’s casual origin, optimizing its administration during
the project’s implementation and operation. The result of this association
sequence is a relational flux of environmental events, configuring the gen-
eral hypotheses of the project’s potential impacts, which can be resumed in
the following manner:

- atransforming activity may be constituted of » interventions;

- an intervention may originate x environmental alterations;

- an environmental alteration may determine the manifestation of y envi-
ronmental aspects, in such a way that these aspects may mean impacts
on the environment’s and urban infrastructure’s quality;

- an environmental impact may or may not be mitigated by compatible
measures.

Once the environmental impacts are identified, it is possible to estimate
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their duration, and evaluate them according to quantitative attributes
(weights), allowing a calculation of their relevance for the project and thus
consider the efficiency of a proposed mitigation measure. In order to identi-
fy the temporality of the impact, chronograms are used, making possible to
associate the intervention’s duration and the environmental impact.

The main objective of the environmental analysis is, therefore, to identi-
fy the data’s spatial properties, in order to detect its patterns, as well as to
formulate hypotheses based on the data’s spatial location and spatial mod-
eling studies, thus supported both by graphic or visual methods and numer-
ic techniques, usually, statistical analysis.

The study of neighborhood impact

The urban environment in which an project is inserted comprehends ma-
terial and information fluxes between this project and neighbouring human
activities. Each activity presents an impact on the urban environment, inter-
fering on urban dynamic and producing a differentiated transformation.
Some projects or activities alter the balance established in a certain region,
only by mere speculations of their implementation.

The Brazilian City’s Statute, in the 36" article (2001), establishes that
municipal laws must define which projects will depend on a conditional
study for its approval. Urban legislation attributes the role of guaranteeing
the correct soil occupation to zoning; however, zoning alone is not able to
mediate all neighbourhood conflicts. The project is thus obligated to formu-
late a Neighbourhood Impact Study (NIS), contemplating positive and neg-
ative effect’s analysis on the quality of life of the population resident on the
impacted areas and their proximities. The law determines a minimum con-
tent for the NIS, discussing issues of population increase, urban and com-
munity’s equipments, soil use and occupation, real estate valuing, increase
and generation of traffic and public transport demand, ventilation and urban
lightning, landscape and natural and cultural patrimony. This instrument
serves as mediation between the project’s private interests and the popula-
tion’s right to quality of urban life.

The main difference between an EIA and a NIS resides on the definition
of the project’s Direct Influence Area. An EIA considers possible interac-
tion and impacts on the environment. On the other hand, for the NIS, the
influence area is defined according to the region in which the project ac-
quires a central position on the urban relations, as described by Dantas
(1981). For this reason, the 38" article of the City’s Statute states that the
claboration of a NIS report does not exclude the elaboration of an EIA,
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which is required by the terms of environmental legislation. In some cases,
it may be necessary to extend the scope of environmental studies, according
to the impact’s nature.

The Neighbourhood Impact Study is a preventive instrument, aiming to
avoid unbalanced urban growth and guarantee minimum conditions for the
occupation of habitable spaces. It should be noted that the NIS is not only
required by private projects, but also by public actions, since the goal of
harmonizing the project and the environment should be equally pursued by
all social sectors. Therefore, after the implementation of the City’s Statute,
both the Environmental Impact Study and the Neighbourhood Impact Study
are used as instruments of urban policy.

Urban planning is defined by Moura (2003) as the set of actions for
analysis and construction of proposals that occur at higher temporal and
spatial scale. On the other hand, urban management must incorporate the
time dimension, and update itself in relation to changes in urban daily life,
on a smaller spatial and temporal scale. The author concludes that the two
processes (planning and management) should work in harmony putting or-
der in the urban space, since it is necessary to plan the city and study the
consequences of the proposals for the whole city, while the modifications
on a smaller scale must be contextualized to what is planned for the area as
a whole.

After the development of integrated techniques for impact analysis, ur-
ban planning is no longer expected to fulfil solely requirements of soil us-
age, but to act as a rational tool for natural urban resources usage. Degrada-
tion is manifested on the urban setting as impacts on physical, biotic and
anthropic environments. This degradation is expressed as violence, as im-
poverishment of human relations, and as several pollution forms, each with
its capacity of affecting urban inhabitants, either through noise, landscape
impact, and air, water courses, and soil effluents. When evidencing the sim-
ilarity between positive and negative effects mentioned on the City’s Stat-
ute and urban environment impact, Prestes (2003) defines NIS as «a in-
strument for Environmental Impact Assessment — EIA, on the sector of a
policy of urban and environmental administration». By means of it, urban
space planning and management present an analogue dimension to control
programs and environmental conservation, while seeking for quality of life
improvement, protection to historical and natural patrimony, and valuing of
cultural resources.
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Geotechnology application

In order to relate different thematic components and their way of pre-
senting geographic space, we highlight the need to make an issue of ge-
otechnology use, defined as a conjoint of technologies for collecting, pro-
cessing, analyzing and making available geographically referenced infor-
mation (Campos et al., 2009). These geotechnologies include Geopro-
cessing, Geographic Information Systems (GIS), and Remote Sensing.
With these tools, it is possible to produce information promptly and at low
costs. This makes possible to all interested party a variety of data combina-
tions for variable interaction analysis, as well as to elaborate preventive
models and to offer support to decision making processes (Bonham-Carter,
1996).

The low cost statement is related to optimization in the organization,
dissemination and exchange of information, especially in a time when Bra-
zil is experiencing the impact of national law 6666 of November 27, 2008,
establishing the sphere of the Federal Executive of the National Infrastruc-
ture Spatial Data (INDE). According to this normative data should be pub-
lic, in fact, publicly available in a wide sense to be used to support planning
and decision making. The data must be reliable, has to present their
metadata and to have normalization in order to ensure safety in their use.
This process has already happened in Europe since the establishment of
INSPIRE, and now its time to Brazil to encourage the development of Ter-
ritorial Multipurpose Cadastre, in order to support the territorial planning.

INPIRE, as pointed out by Craglia and Campagna (2010), represented
for Europe the following achievements: data should be collected once and
maintained at the level it becomes more efficient; it should be possible to
combine data from different sources in the EU and share it between many
users (interoperability); the data should be collected at one level of gov-
ernment and shared between all levels; the spatial data needed to be made
available under conditions that do not restrict their extensive use; should be
easy for everyone to discover available spatial data and its assessment and
suitability for each goal and know under what conditions they can be used.

INDE, in Brazil, such as the INSPIRE, aims to maximize the availability
of public sector information for use and reuse, emphasizing transparency
and good governance, promoting access and conditions of reuse of public
sector information, expanding access the use, integration and sharing it. It
aims to improve access to information and disseminate their content in
electronic format and the Internet; it’s critical to promote interoperability:
making interoperable GIS, i.e. it should be possible to combine data from
disparate sources. All this creates the conditions for use of geotechnology
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in intervention studies in environmental and urban landscape, between

which is the NIS, are performed at low cost in comparison to the proce-

dures of spatial analysis that lacked these features.

Generally, environmental modeling is intended to simulate phenomena
and processes with an explicit spatial dimension, such as: flow processes in
a watershed, erosion processes, soil contamination, fire dissemination, wa-
ter dispersed pollutants, and others, which should be studied in relation to
space. However, according to Christofoletti (1999), models are simplified
versions of reality. Special attention should be paid to the selection of most
relevant aspects, trying to make evident the behavior of several environ-
mental variables. After its creation, a model should go through a calibration
phase, were an evaluation of all involved parameters is undertaken. Follow-
ing that step, the model’s calibration should be validated, by means of its
application to a known situation.

Environmental evaluations result from a direct combination of data,
contained in GIS or through the application of statistic concepts such as
Pondered Average, and resulting in classification plans. Those represent for
each data base pixel, its potential or environmental risk, depending on the
issue to be evaluated.

In order to maximize efficiency (and reducing the costs of approximat-
ing the analysis to reality), the formulation of a NIS demands a methodo-
logical script designed to combine variables. This script should necessarily
contain:

- the definition of its main variables, aiming for a reduction of data to ob-
tain a volume reduced representation, and to eliminate redundant or ir-
relevant attributes, but also producing identical or similar analysis re-
sults. Thus it shall improve model performance;

- the study of a project’s specific attributes, with the project being either
private, of public usage or of urban infrastructure. This analysis must
include the difficulties inherent to each social sphere and project type;

- the bibliographic research and revision of previously tested models — in-
cluding the ones in use — for environmental analyses;

- the structuring of models adequate to each case for spatial analysis;

- the application of a structured model;

- ascenario creation, taking into account all obtained results through sev-
eral alternatives imposed to the model, as well as the transformation, in-
sertion or variable suppression simulations;

- predictions, as an urban policy and micro-directive instrument for use
and occupation.

There are several models available in the relevant literature: from mod-
els directed to identifying influence areas (such as Voronoi’s) to spatial dis-
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tribution models (density, IDW, gravitational, etc.), and from variable
combination models to accessibility analyses models. The analysis is inte-
grated to each case’s adequate geotechnologies, as well as its efficiency in
detecting impacts.

Case study of neighborhood impact

Between aspects related to NIS, it is possible to obtain sub products of
EIA, which associated to the use of geoprocessing techniques, may offer
relevant information and a gain on the analyses’ efficiency. We briefly pre-
sent here the results of the studies regarding insolation, part of a NIS con-
ducted at the installation of a hospital at Jardim Teresopolis informal set-
tlement, in the municipality of Betim, Brazil.

Area studied

The municipality of Betim is located within the metropolitan region of
the Minas Gerais state capital, Belo Horizonte, and had circa 370,000 in-
habitants in 2010. The Jardim Teresopolis district is an informal consoli-
dated settlement, populated now for about 40 years, in a widespread man-
ner. Today, the district’s inhabitants reach the figure of 45,000.

Urban comfort evaluation at the project’s influence area takes into ac-
count lightning, insolation and thermal energy dissipation. As large areas
are waterproofed, and buildings are closer together (since setbacks are ab-
sent), environmental damage is relevant, compromising the city’s ventila-
tion and lightning, altering micro-climate, insolation, wind paths, damaging
health and comfort conditions inside buildings, and increasing energy con-
sumption.

In the project’s influence area, the settlement pattern usually generated
two story buildings, without facade’s setbacks, and no side setback spaces.
The diagnostic undergone also points out the predominant absence of fin-
ishing materials (with the exception of exposed masonry). This results in
the formation of urban canyons, hindering not only wind circulation and
dust dissipation, but also insolation of neighboring buildings.
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Insolation modeling

Aiming to simulate the project’s impacts on its surroundings regarding
insolation, we created a three dimensional modeling of the building and its
immediate setting. The modeling for insolation changes was divided into
two stages. In the first stage, it has been performed a volumetry modeling
of the hospital’s building, using as a source, plants and sections of the ar-
chitectural project. The extrusion occurred from the external masonry pro-
jection, considering the highest point in the ceiling. Volumes were created
using SketchUp® and ArcGis® softwares, and pilled up, resulting in the
building’s total volume. On the second stage, we created the modeling of
the buildings’ surroundings.

Afterwards, a simulation was created depicting the solar traffic reaching
the building and its surroundings, for south hemisphere summer (December
21*) and winter (June 21%) solstices. To analyze summer solstice, the anal-
ysis focused on hours between 06:00 and 18:00, since during summer it is
customary to use Daylight Saving Time. In order to understand solar traffic,
we also simulated a third position, corresponding to spring (June 21%) and
autumn (March 21%) equinoxes. We then used the tool offered by Sketch-
Up® application for generating shadows for the equinoxes and solstices
mentioned, using three hours average intervals. As a result, we created su-
perior orthographic views and perspectives faced views (frontal and right
side of the hospital), as shown in the following images.

15:00 17:00
Fig. 1 — 3D Modeling: Summer solstice (21/12).
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Results

Volumetric modeling and solar traffic simulation allowed for the identi-
fication of shading on public streets and facades. The main result of this
analysis reveals that the area, especially at the informal settlement, south of
where the hospital will be built, do not receive morning sun before 10:00hs
or after 15:00hs, meaning an obstructed horizon and resulting poor air cir-
culation.

Conclusion

Neighborhood Impact Studies (NIS) present the characteristics and sig-
nificance of an environmental study. However, they particularly focus on
local impacts on anthropic and urban areas. Through NIS, we point out that
the demolition of buildings at the hospital’s immediate surroundings will
reduce the volume cluster and side setbacks, promoting frontal setbacks fol-
lowing the new structure and wider roads, and, therefore, resulting in low-
ering the probability of heat islands.

As previously discussed, geotechnologies may contribute in a consistent
manner to Environmental Impact Assessment (EIA). This reality is already
expressed in the production of reports and Environmental Impact Studies
(EIS), which commonly utilizes these technologies and have their results
validated, both by foreseen conditions verification in environmental models
and by the meeting of legal and normative requirements. However, the ap-
plication of the same geotechnologies on NIS is not as common in Brazil,
and has only recently become a norm in several municipalities and even
state capitals. Environmental studies today, in general, have consolidated
their processes in such a way that some municipalities now have begun us-
ing NIS as an instrument of urban public policies. It is extremely important
to establish a series of spatial analysis models applicable to the elaboration
of Neighboring Impact Studies, resulting in economizing or optimizing the
analysis processes’ efficiency. It highlights the role that geotechnologies
(such as modeling and spatial analysis) play in augmenting methodological
procedures for elaborating NIS.
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