
GIS  and  Multicriteria  Methods  for 

Decision-Making

Introduction

Geographic  Information  Systems  (GIS)  and 

Multicriteria  Decision  Analysis  (MCDA)  have  become 

powerful tools for addressing complex decision-making 

problems  that  involve  multiple  criteria  and  spatial 

data. This book provides a comprehensive introduction 

to the integration of GIS and MCDA, offering a detailed 

exploration  of  the  concepts,  methodologies,  and 

applications of this integrated approach.

GIS  is  a  system  that  captures,  stores,  analyzes,  and 

displays  geographic  data.  It  allows users  to  visualize 

and explore spatial data, and to perform various types 

of  spatial  analysis.  MCDA is  a  set  of  techniques  that 

help decision-makers evaluate and compare different 
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alternatives based on multiple criteria.  By combining 

the capabilities of GIS and MCDA, decision-makers can 

leverage  spatial  data  and  analytical  tools  to  make 

informed decisions about complex problems.

The  integration  of  GIS  and  MCDA  offers  several 

advantages. First, it allows decision-makers to visualize 

and  explore  spatial  data  in  a  user-friendly  and 

interactive manner. Second, it enables the integration 

of  multiple  criteria  into the decision-making process, 

allowing decision-makers to consider a wide range of 

factors when evaluating alternatives. Third, it provides 

a structured framework for evaluating and comparing 

alternatives,  ensuring  a  transparent  and  objective 

decision-making process.

This book is structured into ten chapters, each covering 

a different aspect of the integration of GIS and MCDA. 

The  first  chapter  provides  an  overview  of  GIS  and 

MCDA,  and  introduces  the  basic  concepts  and 

methodologies  of  these  two  fields.  The  subsequent 
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chapters  delve  into  specific  applications  of  GIS  and 

MCDA in various domains, including land use planning, 

transportation planning,  environmental  management, 

emergency management, and healthcare planning.

The  final  chapter  explores  future  directions  and 

emerging trends in the integration of GIS and MCDA. It 

discusses  the  potential  of  big  data,  artificial 

intelligence,  machine  learning,  blockchain,  and  the 

Internet of Things to further enhance the capabilities of 

GIS  and  MCDA.  This  chapter  also  highlights  the 

importance of GIS and MCDA in addressing sustainable 

development challenges.

This book is intended for a wide audience,  including 

students,  researchers,  practitioners,  and  decision-

makers who are interested in using GIS and MCDA to 

solve complex problems. It provides a comprehensive 

overview of the field, and offers practical guidance on 

how to integrate GIS and MCDA into decision-making 

processes.
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Book Description

This  book  provides  a  comprehensive  introduction  to 

the  integration  of  Geographic  Information  Systems 

(GIS)  and  Multicriteria  Decision  Analysis  (MCDA), 

offering  a  detailed  exploration  of  the  concepts, 

methodologies,  and  applications  of  this  integrated 

approach.

GIS is a powerful tool for capturing, storing, analyzing, 

and  displaying  geographic  data.  It  allows  users  to 

visualize  and  explore  spatial  data,  and  to  perform 

various  types  of  spatial  analysis.  MCDA  is  a  set  of 

techniques  that  help  decision-makers  evaluate  and 

compare  different  alternatives  based  on  multiple 

criteria.  By  combining  the  capabilities  of  GIS  and 

MCDA, decision-makers can leverage spatial data and 

analytical  tools  to  make  informed  decisions  about 

complex problems.
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The  integration  of  GIS  and  MCDA  offers  several 

advantages. First, it allows decision-makers to visualize 

and  explore  spatial  data  in  a  user-friendly  and 

interactive manner. Second, it enables the integration 

of  multiple  criteria  into the decision-making process, 

allowing decision-makers to consider a wide range of 

factors when evaluating alternatives. Third, it provides 

a structured framework for evaluating and comparing 

alternatives,  ensuring  a  transparent  and  objective 

decision-making process.

This book is structured into ten chapters, each covering 

a different aspect of the integration of GIS and MCDA. 

The  first  chapter  provides  an  overview  of  GIS  and 

MCDA,  and  introduces  the  basic  concepts  and 

methodologies  of  these  two  fields.  The  subsequent 

chapters  delve  into  specific  applications  of  GIS  and 

MCDA in various domains, including land use planning, 

transportation planning,  environmental  management, 

emergency management, and healthcare planning.
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The  final  chapter  explores  future  directions  and 

emerging trends in the integration of GIS and MCDA. It 

discusses  the  potential  of  big  data,  artificial 

intelligence,  machine  learning,  blockchain,  and  the 

Internet of Things to further enhance the capabilities of 

GIS  and  MCDA.  This  chapter  also  highlights  the 

importance of GIS and MCDA in addressing sustainable 

development challenges.

This book is intended for a wide audience,  including 

students,  researchers,  practitioners,  and  decision-

makers who are interested in using GIS and MCDA to 

solve complex problems. It provides a comprehensive 

overview of the field, and offers practical guidance on 

how to integrate GIS and MCDA into decision-making 

processes.
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Chapter  1:  Foundations  of  GIS  and 

Multicriteria Decision Analysis

1.  Introduction  to  GIS  and  Multicriteria 

Decision Analysis

Geographic  Information  Systems  (GIS)  and 

Multicriteria  Decision  Analysis  (MCDA)  are  powerful 

tools  that  can  be  used  to  solve  complex  decision-

making problems. GIS is a system that captures, stores, 

analyzes, and displays geographic data. MCDA is a set 

of techniques that help decision-makers evaluate and 

compare  different  alternatives  based  on  multiple 

criteria.

The  integration  of  GIS  and  MCDA  offers  several 

advantages. First, it allows decision-makers to visualize 

and  explore  spatial  data  in  a  user-friendly  and 

interactive manner. Second, it enables the integration 

of  multiple  criteria  into the decision-making process, 

allowing decision-makers to consider a wide range of 
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factors when evaluating alternatives. Third, it provides 

a structured framework for evaluating and comparing 

alternatives,  ensuring  a  transparent  and  objective 

decision-making process.

GIS and MCDA have been used to solve a wide range of 

problems  in  various  domains,  including  land  use 

planning,  transportation  planning,  environmental 

management, emergency management, and healthcare 

planning. For example, GIS and MCDA can be used to:

 Identify  suitable  locations  for  new  schools, 

hospitals, and other public facilities.

 Develop  transportation  plans  that  minimize 

travel time and congestion.

 Create  environmental  management  plans  that 

protect natural resources and ecosystems.

 Develop emergency response plans that can be 

quickly and effectively implemented in the event 

of a disaster.
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 Allocate  healthcare  resources  in  a  way  that 

ensures that all  patients have access to quality 

care.

GIS and MCDA are powerful tools that can be used to 

make  better  decisions  about  complex  problems.  By 

integrating  GIS  and  MCDA,  decision-makers  can 

leverage the power of spatial data and analytical tools 

to  make  informed  decisions  that  are  supported  by 

evidence.

Applications of GIS and MCDA

GIS and MCDA have been used to solve a wide range of 

problems in various domains, including:

 Land use planning: GIS and MCDA can be used to 

identify  suitable  locations  for  new  schools, 

hospitals,  and  other  public  facilities.  They  can 

also  be  used  to  develop  land  use  plans  that 

protect natural resources and ecosystems.
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 Transportation planning: GIS and MCDA can be 

used  to  develop  transportation  plans  that 

minimize travel time and congestion. They can 

also be used to identify locations for new roads, 

highways, and public transportation routes.

 Environmental management: GIS and MCDA can 

be  used  to  create  environmental  management 

plans  that  protect  natural  resources  and 

ecosystems. They can also be used to assess the 

environmental impact of development projects.

 Emergency management: GIS and MCDA can be 

used to develop emergency response plans that 

can  be  quickly  and  effectively  implemented  in 

the event of a disaster. They can also be used to 

identify evacuation routes and shelters.

 Healthcare planning: GIS and MCDA can be used 

to  allocate  healthcare  resources  in  a  way  that 

ensures that all  patients have access to quality 

care.  They  can  also  be  used  to  identify 

underserved areas and populations.
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These are just a few examples of the many applications 

of GIS and MCDA. These tools can be used to solve a 

wide range of problems in a variety of domains.

Benefits of Using GIS and MCDA

There  are  many  benefits  to  using  GIS  and  MCDA  to 

solve  complex  decision-making  problems.  These 

benefits include:

 Improved decision-making:  GIS  and MCDA can 

help  decision-makers  make  better  decisions  by 

providing  them  with  a  more  comprehensive 

understanding of the problem and the available 

alternatives.

 Increased transparency and accountability:  GIS 

and MCDA provide a structured framework for 

evaluating  and  comparing  alternatives,  which 

ensures a transparent and accountable decision-

making process.
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 Improved  communication  and  stakeholder 

engagement:  GIS and MCDA can help decision-

makers  communicate  with  stakeholders  and 

engage them in the decision-making process.

 Reduced costs and time: GIS and MCDA can help 

decision-makers  reduce  the  costs  and  time 

associated with the decision-making process.

Overall, GIS and MCDA are powerful tools that can be 

used to make better decisions about complex problems. 

By  integrating  GIS  and  MCDA,  decision-makers  can 

leverage the power of spatial data and analytical tools 

to  make  informed  decisions  that  are  supported  by 

evidence.
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Chapter  1:  Foundations  of  GIS  and 

Multicriteria Decision Analysis

2. Basic Concepts of GIS

Geographic  Information  Systems  (GIS)  are  computer 

systems that allow users to capture, store, analyze, and 

display geographic data. GIS data can be represented in 

two main forms: vector data and raster data.

Vector data represents  geographic features as points, 

lines, and polygons. Points represent discrete locations, 

such  as  cities  or  landmarks.  Lines  represent  linear 

features,  such as  roads or  rivers.  Polygons represent 

areas, such as countries or land use zones.

Raster data represents geographic features as a grid of 

cells. Each cell in a raster dataset contains a value that 

represents  the  characteristic  of  the  feature  at  that 

location.  For  example,  a  raster  dataset  of  land  use 

might contain a value of "1" for residential areas, "2" 

for commercial areas, and "3" for industrial areas.
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GIS software allows users to create and edit both vector 

and raster  data.  Users  can also  perform a variety  of 

spatial  analysis  operations  on  GIS  data,  such  as 

calculating distances and areas, overlaying data layers, 

and generating maps.

GIS Data Sources

GIS  data  can be  collected  from a  variety  of  sources, 

including:

 Aerial  and  satellite  imagery: Aerial  and 

satellite imagery can be used to create base maps 

and to identify and classify geographic features.

 Topographic maps: Topographic maps provide 

detailed information about the physical features 

of  an  area,  such  as  elevation,  slope,  and 

drainage.

 Census data: Census data provides information 

about the population and housing characteristics 

of an area.
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 Land  use  maps: Land  use  maps  show  the 

different  types of  land use in an area,  such as 

residential, commercial, and industrial.

 Transportation  networks: Transportation 

networks  show  the  location  and  condition  of 

roads,  railways,  and  other  transportation 

infrastructure.

GIS Applications

GIS is used in a wide variety of applications, including:

 Land use planning: GIS can be used to identify 

and analyze potential land use conflicts, such as 

the development of  new residential  areas near 

environmentally sensitive areas.

 Transportation  planning: GIS  can  be  used  to 

identify and analyze traffic congestion problems 

and to plan new transportation routes.
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 Environmental management: GIS can be used 

to  monitor  and  assess  environmental  quality, 

and to identify and mitigate environmental risks.

 Emergency  management: GIS  can  be  used  to 

plan  and  respond  to  emergencies,  such  as 

natural disasters and hazardous material spills.

 Healthcare  planning: GIS  can  be  used  to 

identify  and  analyze  healthcare  needs,  and  to 

plan and locate new healthcare facilities. 
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 Chapter 1: Foundations of GIS and 

Multicriteria Decision Analysis

 3. Data Structures and Operations in GIS

Geographic Information Systems (GIS) rely on efficient 

data structures to store and manage spatial data. These 

data  structures  determine  how  data  is  organized, 

accessed, and analyzed. The choice of appropriate data 

structure is crucial for optimizing GIS performance and 

ensuring efficient data manipulation.

Vector data structures represent geographic features as 

points,  lines,  and  polygons.  Points  represent  discrete 

locations, lines represent linear features such as roads 

or rivers,  and polygons represent areas such as land 

parcels  or  countries.  Vector  data  structures  are 

commonly  used  for  storing  and  analyzing  discrete 

objects with well-defined boundaries.

Raster data structures represent geographic features as 

a  grid  of  cells,  where  each  cell  contains  a  value 
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representing a specific attribute of the feature. Raster 

data  structures  are  commonly  used  for  storing  and 

analyzing  continuous  data,  such  as  elevation, 

temperature, or land cover.

GIS also utilizes topological data structures to represent 

the  relationships  between  geographic  features. 

Topological  relationships  include  adjacency, 

connectivity,  and  containment.  Topological  data 

structures  allow  GIS  to  perform  spatial  analysis 

operations, such as finding the shortest path between 

two points or identifying features that are adjacent to 

each other.

In addition to these fundamental data structures, GIS 

also  employs  a  variety  of  other  data  structures  to 

support  specific  functions  and  operations.  These 

include  quadtrees,  octrees,  and  TINs  (Triangulated 

Irregular  Networks).  Quadtrees  and  octrees  are 

hierarchical data structures that are used for efficient 

spatial  indexing  and  searching.  TINs  are  used  to 
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represent terrain surfaces and are particularly useful 

for performing 3D analysis.

GIS operations involve the manipulation and analysis 

of  spatial  data.  These  operations  can  be  broadly 

categorized  into  two  types:  vector  operations  and 

raster operations. Vector operations are performed on 

vector data and include operations such as buffering, 

overlay  analysis,  and  network  analysis.  Raster 

operations are performed on raster data and include 

operations  such as  image classification,  filtering,  and 

surface analysis.

The  choice  of  appropriate  data  structure  and 

operations  is  crucial  for  effective  GIS  analysis.  GIS 

analysts must carefully consider the nature of the data, 

the desired analysis objectives, and the capabilities of 

the GIS software when selecting the appropriate data 

structure and operations.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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