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Geographic information systems (GIS) have had a tremendous
impact on the field of water resources engineering and science
over the last few decades. While GIS applications for water
resources can be traced back to the 1970s, increased compu-
tational power, particularly of desktop computers, along with
advances in software have made GIS widely accessible. Water
resources engineers and scientists seek to model the flow of water,
suspended and dissolved constituents in geographic entities such
as lakes, rivers, streams, aquifers, and oceans. Geographic
description of the system of interest is the first step toward
understanding how water and pollutants move through these sys-
tems and estimating associated risks to human beings and other
ecological receptors. As GIS deals with describing geographic
entities, they are used quite extensively in conceptualizing water
resources systems. GIS offer spatially coded data warehousing
capabilities that are not found in regular database software.

In addition to data storage, retrieval, and visualization, a wide
range of computations can be performed using GIS. Geoprocess-
ing tasks such as clip, union, and joint can be used to slice, dice,
and aggregate data, which facilitates visualization for pattern
recognition and identification of hot spots that need attention.
GIS can be used to delineate watersheds, the basic unit for hydro-
logically informed management of land resources. In addition to
qualitative data visualization, GIS software come with a variety
of geostatistical and interpolation techniques such as Kriging that
can be used to create surfaces and fill in missing data. In addition,
these tools can be used to map error surfaces and assess the worth
of additional data collection. GIS software also come equipped
with a wide range of mathematical and Boolean functions that
allow one to manipulate attributes and create new information.
Closed-form analytical expressions can be directly embedded
into GIS systems to simulate system behavior and visualize the
response of hydrologic systems (e.g., a watershed) to natural
(climate change) and anthropogenic (urbanization) factors. Most
of this functionality can be carried out using built-in functionality
and without resorting to any programming. In addition, GIS
software come with back-end programming support, which can
be used to automate geoprocessing tasks, write new functions,
and add additional capabilities for hydrologic analysis. The
inclusion of time has been a holy grail of GIS research. Recent
software enhancements and database models allow the inclusion
of time stamped data and create animations that depict how the
system has changed over time, allowing one to visualize over
the entire space-time continuum. The idea of performing water
resources computations and modeling within the GIS framework
is referred to as geocomputation and is the primary focus of
this book.

The book is written to be as self-contained as possible and
is intended as a text for GIS-based water resources engineering
or science courses suitable for upper-level undergraduate and
early graduate students. It can also be used as a supplemental
text in undergraduate and graduate level courses in hydrology,
environmental science, and water resources engineering, or as a
stand-alone or a supplemental text for an introductory GIS class
with an understanding that the book’s focus is strongly on water
resources issues.

The book assumes some basic understanding of hydrologic
processes and pollutant fate and transport that is covered in an
introductory hydrology and environmental engineering/science
class. Working knowledge of computers, particularly familiar-
ity with spreadsheets, is also assumed on part of the reader.
However, no prior experience in GIS is assumed. Elementary
programming experience is desirable and will be beneficial to
follow some advanced material in the book, but not required for
the most part.

The book is arranged in three parts — The first part presents
the fundamentals of geoprocessing operations and building blocks
for carrying out geocomputations. The second part discusses the
applied aspects of using GIS for developing water resources mod-
els. The third part is a compilation of case studies that illustrate
the use of GIS in water resources and environmental applications.
These case studies can be directly used as projects in classes or
modified for other geographies. The case studies are also intended
to help students transition from obtaining information from text-
books to that contained in the journal articles. Datasets for several
exercises and case studies are provided on the website for the text-
book, which serves as a useful companion to accompany this text.

While the focus of this textbook is largely on fundamental
geocomputing concepts, we recognize the importance of software
programs to implement these ideas in real-world applications.
While we do not endorse any commercial product per se, we have
adopted the ArcGIS software platform (ESRI Inc., Redlands,
CA) for most examples in this book as it is widely used and
generally accepted as the industry standard. We recognize the
growing prominence of open-source GIS software and its impor-
tance in underdeveloped and developing nations. As such, we
have presented a few examples of using such software as well.
In particular, the availability of geospatial packages within the
open-source R statistical and programming environment greatly
helps with the integration of water resources modeling and GIS.

This book represents a true collaboration between an environ-
mental scientist/geographer and a civil engineer focused on water
and environmental issues. We both bring nearly two decades of
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our experience with GIS and its use in water resources engineer-
ing and science. Our goal in writing this book was to blend the
right amount of theory and practice into a single compendium.
We each have taught classes on GIS in Water Resources and came
to realize that while excellent texts exist on GIS as well as water
resources engineering, there is not a text that blends the two. This
limitation is often seen as a hindrance by students who are trying
to grasp GIS (whose learning curve is admittedly steep) and try-
ing to make connections to concepts learned in their introductory
hydrology and environmental science classes. The book seeks to
facilitate the learning process for water resources scientists and
engineers by showing them the usefulness of GIS and geocom-
putation while reinforcing their concepts of hydrology and water
resources. The book should also be useful to practitioners who are
often required to learn GIS on the job.

We are greatly indebted to our teachers who taught us GIS
and water resources and our students and research assistants who
helped us learn new skills and techniques and showed us new
ways of using GIS in our teaching and research. In particular,
Drs. Vivek Honnungar, Sreeram Singaraju, and Annette
Hernandez contributed significantly to several case studies
and helped with organization of the material. Ms. Julie Earls
and Mr. Stephen Douglas are thanked for their assistance with
data download from public domain and background research
when needed. Ms. Tess Rivenbarkt and Mr. Johnny Dickson are
thanked for their comments on the material and their assistance
with proofreading. We are also thankful to our collaborators in

industry and regulatory agencies who have helped us understand
the role of GIS in real-world applications. In particular, Mr. Tim
Andruss, at Victoria County Groundwater Conservation District,
is acknowledged for his support and fruitful discussions on using
GIS in real-world settings.

A great deal of information on GIS, particularly the use of
software, can be found on the Internet. We want to salute those
unsung champions who have shared their knowledge, answered
queries, and presented solutions on GIS forums that are a great
resource to those working in this area. The production team at
Wiley-VCH deserves special recognition for their patience and
support throughout the publication process. We are also thankful
to an anonymous reviewer whose suggestions greatly improved
this work. Finally, we cannot thank our families enough for
putting up with our craziness before, during, and after writing
this book. Their assistance with proofreading of the chapters and
discussing ways to improve our presentation were invaluable
to the process. We do however take the sole responsibility for
any errors and omissions in the text. We hope you will find the
information presented here useful and welcome your feedback
and comments on ways to improve our content and presentation.

Barnali Dixon
St. Petersburg, FL

Venkatesh Uddameri
Lubbock, TX
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DBMS Database management system
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FEMA Federal Emergency Management Agency
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GAM Groundwater availability modeling
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GIS Geographic Information Systems
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GPS Global Positioning system
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Hydrologic Modeling Systems
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International Steering Committee for Global Mapping
informational technology

Java-based Pesticide Screening Toolkit
knowledge discovery in a database
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Light Detection And Ranging
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Louisiana State University

Land use
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Multiattribute decision making

Maryland Automated Geographic Information System
Modifiable Area Unit Problem

Mega Bytes

Multi-criteria decision making

Maximum concentration limit, maxium contaminant level
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Geometric mean bias
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Multi-angle Imaging SpectroRadiometer
Minnesota Land Management Information System
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Modular Modeling Systems
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Modular Flow or Modular Three-Dimensional Finite-Difference Groundwater Flow Model
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Most probable number
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