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Foreword

GRASS GIS software was developed in response to the need for improved anal-
ysis of landscape “trade offs” in managing government lands and the emerging
potential of computer-based land analysis tools. During the last decades of the
20th century, government land managers in the U.S. (and across the world)
faced increasing requirements from legislation and stakeholder groups to ex-
amine and evaluate alternative actions. To fulfill these new requirements, land
managers needed new tools.

During this same era, computational capabilities wondrously improved.
Tasks requiring days and months with paper and acetate overlays could be
accomplished with this newly emerging geographic information technology
within minutes. But even in the mid-1980s, GIS technology involved significant
capital investment. Managers wanted to see results before they spent their
limited funds on new technologies.

The U.S. Army Construction Engineering Research Laboratory (CERL) in
Champaign, Illinois has the mission of developing and infusing new technolo-
gies for managing U.S. Department of Defense installations. These installa-
tions include millions of acres of lands needed for military training and testing.
Other uses included wildlife management, hunting and fishing and forestry,
grazing and agricultural production. Other priorities were added through leg-
islation — such as protecting endangered species and habitats, protecting cul-
tural sites, and limiting the on and off-post impacts of noise, ordnance, con-
taminants and sediments.

Military land managers were unable to cope with the challenge of exam-
ining proposed new actions (such as new weapon firing ranges or new vehicle
training routes) without improved methods to gather, integrate and visualize
their data and to examine alternative courses of action. Acquiring emerging
proprietary technologies and digital data wasn’t even a consideration — the
cost was too high and the expertise required to learn, operate and manage
the technology was beyond their resources.

Given this need, a group of then young researchers at CERL elected to
develop their own set of initial landscape analysis tools. Initially, this in-house
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software development effort was designed to “bridge the gap” as commercial
proprietary technology developed. The other costs involved in implementing
GIS (acquiring data and hardware, learning GIS skills and computer mainte-
nance skills) were so high; CERL decided that no-fee software could reduce
the technology hurdle involved in implementing GIS. This proved to be true
—and U.S. military installations were some of the first government managers
to become active users of this new technology.

Once our efforts began, software development took on a life of its own. The
Open Source code and Internet accessible software soon sparked the creative
energies of numerous other organizations and individuals, and many began to
use GRASS and contribute capabilities. At CERL, a small-scale skunk works
project became the biggest and hottest program in the lab. Dozens of persons
were employed developing new tools, building digital databases, assisting with
complex applications and fielding the technology across the Department of
Defense.

The needs we addressed drove the design criteria for GRASS. Because
of the requirement to analyze alternative actions and to evaluate impacts
of actions on continuous surfaces of differing elevations and vegetation and
soil types, GRASS development was focused on raster analysis tools. Also,
because of the need for digital and “real time” data, GRASS also incorporated
remotely sensed image integration and analysis tools. At the time, this focus
set GRASS apart from marketplace capabilities, which were primarily based
on vector data and tools and did not include image analysis.

To nurture a “growing” GRASS community, CERL and other organizations
established forums for sharing and contributing software. For several years, the
lab (and lab partners) also offered newsletters, developed formal interagency
partnerships (primarily with the U.S. Department of Agriculture and National
Park Service) and held annual software user meetings. During the early 1990s,
this GRASS community helped to initiate the Open GIS Foundation (now the
Open GIS Consortium) as an international organization focused on advancing
openness and interoperability for geospatial technologies.

But by the mid-1990s, many of the original military installation GIS users
were switching to proprietary marketplace GIS technologies. In the interven-
ing years, marketplace GIS vendors had added raster analysis tools, much like
those in GRASS. Installation managers had become dependent on GIS, and
were now willing to buy from the marketplace. Generally, the government is
expected to buy off the marketplace, unless there are no comparable market-
place options. Plus, installation managers wanted GIS software just like the
systems that were showing up in the offices of supporting contractors and
local and state government offices across-their-fence lines. As a result, CERL
managers decided they had achieved their purpose of “bridging the gap” in
introducing this new technology. CERL entered into agreements with GIS
vendors, and helped installations transition their data to proprietary systems.
Army research programs were directed to new challenges.
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Fortunately, in the years since CERL stopped active development and
support of GRASS, the Universities of Hannover (Germany), Baylor, Texas
(U.S.A.), and recently the ITC-irst — Centro per la Ricerca Scientifica e Tec-
nologica (Italy) have continued to coordinate the development of GRASS GIS,
performed by a team of developers from all over the world. Thanks to their ef-
forts, GRASS GIS keeps getting better, and valuable and reliable Open Source
GIS capabilities are still available through the Internet.

Those of us at CERL are grateful for these academic efforts. GRASS re-
mains an unique capability that continues to play an important role in educa-
tion and in the advancement of scientific understanding and resource manage-
ment. The analysis tools within GRASS and the access to source code provide
important benefits in our ability to understand and model geospatial phenom-
ena. Plus, developers of this Open Source GIS continue to pioneer and advance
capabilities that later emerge in the proprietary geospatial marketplace.

Thanks to the authors, this book should help sustain these important roles
for GRASS GIS for years to come.

USA CERL William D. Goran
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Geographical Resources Analysis Support System (GRASS) is one of the
largest Free Software Geographical Information System (GIS) projects re-
leased under the GNU General Public License (GPL). It combines powerful
raster, vector, and geospatial processing engines into a single integrated soft-
ware suite and includes tools for spatial analysis, modeling, image processing
and sophisticated visualization.

With this third edition of Open Source GIS: A GRASS GIS Approach, we
enter the new era of GRASS 6, the first release that includes substantial new
code developed by the International GRASS Development Team. It comes at
a time when dramatic growth in acceptance of the Open Source concept fuels
further development of Free and Open Source Software for Geoinformatics
(FOSS4G) and brings interoperability to a new level of efficiency. The major
FOSS4G projects, including GRASS, have become part of the OSGeo foun-
dation — an organization established in 2006 to “support and promote the
collaborative development of open geospatial technologies and data.* Follow-
ing the spirit of the foundation, GRASS is tightly integrated with the latest
GDAL/OGR and PROJ libraries supporting range of raster and vector for-
mats, as well as projections. GRASS toolkits for Quantum GIS (QGIS) and R
Project for Statistical Computing have been developed thanks to strong links
with these projects.

The third edition of Open Source GIS: A GRASS GIS Approach reflects
these new developments. The first chapter includes information about the
OSGeo foundation. Chapter three that introduces GRASS and the new sam-
ple data set, has added information about the new graphical user interfaces
that can be used with GRASS 6. The properties of GRASS raster and vec-
tor data are described in chapter four, which also includes extensive material
on importing data in various formats, and an introduction to new geocoding
tool. The raster chapter has been enhanced with new examples, more com-
prehensive topographic analysis and modeling, and introduction to voxel data
processing. The chapter on vector data has been completely rewritten to re-
flect introduction of a new vector data format and attribute support through
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database management system (DBMS) in GRASS 6. This chapter now in-
cludes new sections on attribute database management and SQL support,
vector networks analysis, linear reference systems, and lidar data applica-
tions. The site data chapter of earlier book editions was integrated within the
chapter six as vector point data processing section. The visualization chapter
reflects the changes in 2D display, nviz, and use of Paraview. Image processing
was reduced and updated, orthophoto chapter was eliminated to make space
for more new material. Application chapter was merged with raster analysis.
Equations and SQLite-ODBC connection guide were added into Appendix.
All chapters were enhanced with numerous practical examples using the first
release of a free, comprehensive, state-of-the-art geospatial data set. The ex-
amples are based on the GRASS 6.3 version from July 2007.

Finally, we briefly recall history of GRASS and this book: GRASS was
developed in 1982-1995 by the U.S. Army Corps of Engineers Construction
Engineering Research Laboratory (CERL) in Champaign, Illinois to support
land management at military installations. After CERL withdrew from further
GRASS development in 1995, the GRASS 4.2.1 release, published in 1998, was
coordinated by this book’s author at the Institute of Physical Geography and
Landscape Ecology, University of Hannover. The development of the GRASS
5.0 release started in 1999 when GRASS was released under GPL. Since 2001,
the “GRASS Development Team” has its headquarters at FBKITC-irst (Cen-
tro per la Ricerca Scientifica e Tecnologica), Trento, Italy. GRASS 5.0.0 was
officially released in 2002, accompanied by the first FOSS4G — GRASS users
conference held in September 2002 in Trento, Italy, and by the publication of
the first edition of this book.

The book has its own history. It started as “GRASS Recipes” written in
1995 for students at the Institute of Landscape Architecture, University of
Hannover. In 1996, the first continuous German text was written and later
published in “Geosynthesis” series at the Geographical Institute, University
of Hannover. The first english edition of the book, published in June 2002,
was the result of collaborative work of a number of translators and a new
coauthor. It was written for the GRASS 5.0pre3 release. The second edition,
published in 2004, was based on the GRASS 5.3 release and included updates
reflecting the system enhancements and the feedback from our readers. This
third edition is based on GRASS 6 and represents a fundamental update and
enhancement of the material.

The GRASS project’s Web site, providing access to the GRASS soft-
ware and documentation, can be reached at “GRASS Headquarters’ at
http://grass.itc.it and a number of mirror sites. The material related
to this book can be accessed at http://grassbook.org.

Trento, Italy Markus Neteler
Raleigh, USA Helena Mitasova
August 2007
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Open Source software and GIS

Over the past decade, Geographical Information Systems (GIS) have evolved
from a highly specialized niche to a technology that affects nearly every as-
pect of our lives, from finding driving directions to managing natural disas-
ters. While just a few years ago the use of GIS was restricted to a group of
researchers, planners and government workers, now almost everybody can cre-
ate customized maps or overlay GIS data. On the other hand, many complex
problems related to urban and regional planning, environmental protection,
or business management, require sophisticated tools and special expertise.
Therefore the current GIS technology spans a wide range of applications from
viewing maps and images on the web to spatial analysis, modeling and simu-
lations.

GIS is often described as integration of data, hardware, and software de-
signed for management, processing, analysis and visualization of georeferenced
data. The software component has a major impact on the capabilities to ef-
fectively solve a wide range of problems using geospatial data. To ensure the
continuous innovation and improvement of the GIS software, existence of di-
verse approaches to GIS software development is crucial. Besides the widely
used proprietary systems, an Open Source GIS plays an important role in
adaptation of GIS technology by stimulating new experimental approaches
and by providing access to GIS for the users who cannot or do not want to
use proprietary products.

1.1 Open Source concept
The idea of Open Source software has been around for almost as long as

software has been developed. The results of research and development at the
universities and government laboratories have been often made available in the
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form of Public Domain software packages. Richard M. Stallman first defined
the concept of Free Software in form of four freedoms:

0. freedom: The freedom to run the program, for any purpose.

1. freedom: The freedom to study how the program works, and adapt it to
your needs.

2. freedom: The freedom to redistribute copies.

3. freedom: The freedom to improve the program, and release your improve-
ments to the public, so that the whole community benefits.

Software following these four principles is called “Free Software”. In 1984,
Richard M. Stallman started to work on the GNU-Project and in 1985 he
created the “Free Software Foundation” to support the Free Software concept.
The license of the GNU-Project, the GNU General Public License not only
grants the four freedoms described above, but it also protects them. The user
of the software is also protected since these freedoms are guaranteed. Because
of this protection, the GPL has been the most widely used license for Free
Software. The basic idea behind free software is based on the assumption that
by allowing the programmers to read, redistribute, and modify the source
code, the software evolves: it gets improved, bugs are fixed and capabilities
expanded. The ubiquitous availability of the source code and the continuous,
often instantaneous peer-review of the code contribute significantly to this
process. You can learn more about the ideas behind the Open Source at the
Open Source! and Free Software? Web sites.

Full access to the source code is particularly important for GIS because the
underlying algorithms can be complex and can greatly influence the results
of spatial analysis and modeling. To fully understand system’s functionality,
which is not as obvious as it may be, for example, for a word processing
software, it is important to be able to review and verify the implementation
of a particular function. While an average user may not be able to trace bugs
within a complex source code, there is a number of specialists willing to test,
analyze and fix the code. The different backgrounds and expertise of these
developers and users contribute to the synergethic effects leading to faster
and more cost effective software development of a stable and robust product.

The Open Source Geospatial Foundation Over the past few years a
growing number of Open Source GIS, Web mapping, and GPS projects has
been established with different goals. Most of them are listed at the “FreeGIS
portal” Web site®. Smaller projects are usually based on individual developer’s
initiative, when the lack of available software for a specific application is solved
by his own development and the result is then made available to the public on

! Open Source Web Site, http://www.opensource. org

2 Free Software pages,
http://www.gnu.org/philosophy/free-software-for-freedom.html

3 FreeGIS Web Portal, http://www.freegis.org


http://www.opensource.org
http://www.gnu.org/philosophy/free-software-for-freedom.html
http://www.freegis.org
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the Internet. Depending on the level of required expertise, other programmers
may join the project and further develop, improve and extend these tools.
Some projects are finished quickly, others evolve over time. In general, the
Open Source development is very dynamic. The Open Source licenses and
the free access through the Internet enable the new contributors take over
an abandoned project and continue the development. The overall idea dif-
fers significantly from the strategies used in the proprietary GIS development
industries.

In February 2006, the Open Source Geospatial Foundation (OSGeo*) has
been created to support and promote worldwide use and collaborative devel-
opment of Open Source geospatial technologies and data. It includes GRASS
as one of its founding projects. Mature open source geospatial software that
undergoes rigorous review of its code and development structure becomes an
official OSGeo project. Web mapping systems, desktop applications, geospa-
tial libraries and a metadata catalog are represented. The foundation supports
outreach and advocacy activities that promote Open Source concepts and
provides financial, organizational and legal help to the broader Open Source
geospatial community. It also builds shared infrastructure for improving cross-
project collaboration. OSGeo has been a stimulating force for cooperative
developments of sister projects, leveraging each other efforts by developing
shared architecture components and expanding interoperability.

1.2 GRASS as an Open Source GIS

GRASS (Geographical Resources Analysis Support System) is a raster/vector
GIS combined with integrated image processing and data visualization subsys-
tems. It includes more than 350 modules for management, processing, analysis
and visualization of georeferenced data. As we have mentioned in the Pref-
ace, the key development in the recent GRASS history was the adoption of
GNU GPL (General Public License, see http://www.gnu.org) in 1999. By
this, GRASS embraces the Open Source philosophy, well known from the
GNU/Linux development model, which stimulated its wide acceptance (Ray-
mond, 1987 and Raymond, 1999, for a discussion see also Wheeler, 2003).
This license protects the GRASS developers against misuse of their code con-
tribution within proprietary projects which do not allow free access to their
source code. The GPL ensures that all code based on GPL’ed code must be
published again under GPL. The benefits of using other developers’ code fur-
ther increases the motivation to participate. For the GRASS users, the license
offers various advantages besides full access to the source code, especially the
low cost, access to the new features and capabilities developed between the
releases and possibility to provide releases more often than it is common for
proprietary products. Finally, full access to the source code is also an invest-
ment protection for the future. In case that the project is withdrawn by the

4 0SGeo Web Site, http://osgeo.org
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Fig. 1.1. GRASS Development Model: Developers’ and users’ interaction with semi-
automated development tools over Internet

current developers, others may take over the development, while keeping free
access to the source code.

Unlike most proprietary GIS, GRASS provides complete access to its in-
ternal structure and algorithms. Advanced users who want to write their own
GIS modules may therefore learn from existing modules as well as by read-
ing the “GRASS Programmer’s Manual” (GRASS Development Team, 2006).
The documented GRASS GIS libraries with the Application Programming
Interface (API) make the new module development more efficient and allow
to integrate new functionality into GRASS. Applications can be also written
with shell or Python scripts to automate the GIS workflow (see Section 9).

The GRASS Development Model is similar to other Open Source projects
(Figure 1.1). The backbone of the project is the Internet which supports the
software distribution, user support, centralized management of the GRASS
development through CVS (Concurrent Versioning System, the source code
repository server), as well as a bugtracking system, several mailing lists, and
a Wiki collaborative help system. The GRASS Development Team is coordi-
nated from FBK-irst (formerly known as ITC-irst) — Centro per la Ricerca
Scientifica e Tecnologica, Trento (Italy) and includes developers from all over
the world. The dynamic and very open team continuously improves and ex-
tends the GRASS capabilities. Communication with other like-minded GIS
projects is achieved through the Open Source Geospatial Foundation.

GRASS is available via Internet and on CD-ROM as precompiled binary
versions for different UNIX, MacOS X and MS-Windows platforms along with
the complete C-source code. While GRASS is Free Software with protection of
the authors’ and users’ rights through the GPL, commercial services related
to GRASS can be offered and are welcome by both the developers and users
community.
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1.3 The North Carolina sample data set

A new, modern sample GIS data set has been prepared for this edition. It
is available from the book related Web site.” This data set is a comprehen-
sive collection of raster, vector and imagery data covering parts of North
Carolina (NC), USA. The data were prepared from public data sources pro-
vided by the North Carolina state and local government agencies and Global
Land Cover Facility (GLCF). Data are provided at three hierarchical levels
(Figure 1.2): entire NC with raster data at 500m resolution (boundary in geo-
graphic coordinates: 37N-33N,75W-85W); Southwest Wake county with raster
data at resolutions 30m-10m (boundary coordinates 35:48:34.6N-35:41:15.0N,
78:46:28.6W-78:36:29.9W), and a small watershed in rural area with data res-
olutions of 1m-3m. The data set includes section of the NC capital city Raleigh
and its surroundings. The coordinate system of the ready-to-use GRASS data
set is NC State Plane (Lambert Conformal Conic projection), metric units
and NADS3 geodetic datum. Additional data are provided in geographic co-
ordinates and NC State Plane, english units (feet) in various external formats.
More complete data description can be found at the GRASS book site.

Vector data include administrative boundaries, census data, zipcodes,
firestations, hospitals, roads and railroads, public schools and colleges, bus
routes, points of interest, precipitation, hydrography maps, geodetic points,
soils and geological maps. Raster data include elevation (NED 3arc-sec,
SRTM-V1 30m, lidar derived DEMs at 1m and 6m), slope, aspect, watershed
basins, geology, and landuse. The resolution of raster maps is 500m, 30m, 10m,
and 1m. Imagery data include 1m resolution orthophoto, several LANDSAT-
TM5/7 scenes and a MODIS daily Land Surface Temperature (LST) time
series. Also multiple-return lidar data are included. The examples throughout
this book are based on this data set. Furthermore, new derivative maps are
generated and explained.

1.4 How to read this book

This book focuses on the basic principles and functionality of GRASS. After
a brief introduction to GIS concepts, map projections and coordinate systems
are explained. GRASS is introduced in the third chapter using the North Car-
olina sample data set provided on the related Web site. The fourth chapter
describes the properties of GRASS raster and vector data and provides ex-
tensive information on import and export of a wide range of data formats.
Management, display, analysis and modeling using raster and vector data is
covered in the next two chapters, again using hands-on examples based on the
sample data set. Interactive visualization and map creation is covered in chap-
ter seven at a basic level needed to communicate the results of a GIS project

5 North Carolina sample data set download site,
http://www.grassbook.org, Section “Data 3rd Edition”
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Fig. 1.2. North Carolina sample data set: state, county and field level of detail

effectively. An extensive chapter is devoted to the satellite image processing
and analysis as a special case of raster data application. The ninth chap-
ter provides an introduction to GRASS scripting and programming. Chapter
ten demonstrates the use of GRASS with other Open Source software. The
Appendix provides equations used in some of the modules. References to lit-
erature provide access to detailed information about the given topic.

We use the following conventions throughout the book. Commands which
you can type in are written in typewriter font, for example: r.mapcalc. Ter-
minology related to GRASS is written in capital letters, such as LOCATION,
MAPSET, DATABASE, and GRID RESOLUTION. Wherever [...] ap-
pears within the description of GRASS workflow, we have omitted some less
important screen output. Lines starting with # symbol indicate comments
that are not executed by the shell. Long lines representing UNIX or GRASS
commands are broken with <\> which means that the command continues on
the next line. This character is usually not necessary when typing, we often
used it here for formatting reasons. If you use <\>, be sure not to have blank
space after the <\> character. Otherwise the subsequent line(s) are ignored.
Text from the graphical user interface menus is written using a different font,
for example: Display. Because GRASS is updated fairly frequently, there may
be some differences between the command options and parameters in this
book and the latest release. It is therefore useful to verify the most recent
command usage in the related manual page.

You can download ready-to-use databases which we use throughout the
book as well as updates to this book from the related Web site at
http://www.grassbook.org
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GIS concepts

To use GIS effectively, it is important to understand the basic GIS terminol-
ogy and functionality. While each GIS software has slightly different naming
conventions, there are certain principles common to all systems. At first, we
briefly describe the GIS basics in general (for in depth information read Lon-
gley et al., 2005, Clarke, 2002, or Burrough and McDonnell, 1998) and then
we explain the principles of map projections and coordinate systems that are
used to georeference the data.

2.1 General GIS principles

Data in a GIS database provide a simplified, digital representation of Earth
features for a given region. Georeferenced data can be organized within GIS
using different criteria, for example, as thematic layers or spatial objects. Each
thematic layer can be stored using an appropriate data model depending on
the source of data and their potential use.

2.1.1 Geospatial data models

Georeferenced data include a spatial (geometrical or graphical) component
describing the location or spatial distribution of geographic phenomenon and
an attribute component used to describe its properties. The spatial component
can be represented using one of the two basic approaches (Figure 2.1):

e field representation, where each regularly distributed point or an area el-
ement (pixel) in the space has an assigned value (a number or no-data),
leading to the raster data model,

e geometrical objects representation, where geographic features are defined
as lines, points, and areas given by their coordinates, leading to the vector
data model.
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Raster data Vector data Attribute data
22(19|23| 26| 22| 28/ 34|28 |26 |22 cat |soilname | area
23(18|21|23|25|27 1 Ro 243017.6
2 Wo 13426100.1
3 Au 433044.4
y
4 GrC 466433.7
T 5 PkC 119344.9

— X

Fig. 2.1. Data models in GIS — raster and vector data with attribute table:
Raster data: rows and columns of values representing spatial phenomenon;
Vector data: representation by points, lines and areas;

Attributes: descriptive data stored in a database table

Depending on scale, representation of a geographic feature can change; for
example, a river can be handled as a line at small scale or as a continuous 3D
field (body of water) at large scale. Similarly, a city can be represented as a
point or as an area. Note that we use the terms small and large scale in the
cartographic sense, for example, 1:1million is small scale, 1:1000 is large scale.

To effectively use GIS, it is useful to understand the basic properties and
applications of each data model (in older GIS literature, the raster and vector
data models have been often referred to as raster and vector data formats).

Raster data model Raster is a regular matrix of values (Figure 2.1). If the
values are assigned to grid points, the raster usually represents a continuous
field (elevation, temperature, chemical concentration) and is sometimes called
lattice. If the values are assigned to grid cells (area units, pixels), it represents
an image (satellite image, scanned map, converted vector map). If the cell
values represent category numbers, one or more attributes can be assigned to
that cell using a database. For example, a soil type with category number 3
can have attributes describing its texture, acidity, color and other properties.
The grid cells are organized and accessed by rows and columns. The area
represented by a square grid cell is computed from the length of its side,
called resolution. Resolution controls the level of spatial detail captured by
the raster data. Most data are represented by a 2D raster, with the grid cell
(unit area) called a pizel; volume data can be stored as a 3D raster with a unit
volume called a vozel (volume pixel). General d-dimensional raster formats
are used for spatio-temporal or multispectral data (e.g. HDF format?!).

The raster data model is often used for physical and biological subsystems
of the geosphere such as elevation, temperature, water flow, or vegetation.
However, it can also be used for data usually represented by lines and polygons
such as roads or soil properties, especially for scanned maps. The raster data
model was designed with a focus on analysis, modeling and image processing.

! HDF format and tools, http://www.hdfgroup.org/
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Its main advantage is its simplicity, both in terms of data management as
well as the algorithms for analysis and modeling, including map algebra. This
data model is not particularly efficient for networks and other types of data
heavily dependent on lines, such as property boundaries. GRASS has extensive
support for the raster data model.

Vector data model Vector data model is used to represent areas, lines
and points (Figure 2.1). We describe the vector data model using GRASS
terminology; in other systems, the definitions may be slightly different.

The vector data model is based on arc-node representation, consisting
of non-intersecting lines called arcs. An arc is stored as a series of points
given by (x,y) or (z,y,2) coordinate pairs or triplets (with height). The two
endpoints of an arc are called nodes. Points along a line are called wvertices.
Two consecutive (z,y) or (x,y, z) pairs define an arc segment. The arcs form
higher level map features: lines (e.g., roads or streams) or areas (e.g., farms
or forest stands). Arcs that outline areas (polygons) are called area edges or
boundaries. A complete area description includes a centroid. In GRASS, 3D
polygons are called faces (they do not need a centroid but can be visualized).
A 3D volume is a closed set of faces including a 3D centroid (kernel). Not
all GIS software packages support 3D vector data types. Linear features or
polygon boundaries are drawn by straight lines connecting the points defining
the arc segments. To reduce the number of points needed to store complex
curves, some GIS include mathematically defined curve sections or splines
that are used to compute the points with the required density at the time of
drawing.

In addition to the coordinate information, the vector data model often
includes information about the data topology which describes the relative po-
sition of objects to each other (see Section 6.3.1 for more details on vector
data topology).

Each map feature is assigned a category number which is used to link
the geometric data with descriptive, attribute data (such as category labels
or multiple attributes stored in a database). For example, in a vector map
“roads”, a line can be assigned category number 2 with a text attribute “gravel
road” and a numerical attribute representing its width in map units.

Point features (e.g., a city or a bridge) or point samples of continuous fields
(e.g., elevation, precipitation), are represented as independent points given by
their coordinates. A value or a set of attributes (numerical or text) is assigned
to each point.

Vector data are most efficient for discrete features which can be described
by lines with simple geometry, such as roads, utility networks, property bound-
aries, building footprints, etc. Continuous spatial data can be represented by
vector data model using isolines, point clouds or various types of irregular
meshes; however, such representations usually lead to more complex algo-
rithms for analysis and modeling than the raster data model. GRASS 6 pro-
vides support for both the 2D and 3D multi-attribute vector model.
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point line area surface volume

Fig. 2.2. Data dimensions in a Geographical Information System (after Rase,
1998:19)

Attributes — GIS and databases Attributes are descriptive data provid-
ing information associated with the geometrical data. Attributes are usually
managed in external or internal GIS database management systems (DBMS).
The databases use the corresponding coordinates or identification numbers to
link the attributes to the geometrical data. Some systems, such as PostGIS?
or, with some limitations, MySQL also allow the user to store geometrical
data into the database.

For raster data, GRASS supports only a single attribute for each cell cat-
egory. For vector data, GRASS offers a generic SQL-DBMS abstraction layer
with two choices for internal databases (limited DBF file driver, and SQLite
driver) and several full featured interfaces to external databases (PostgreSQL,
MySQL, and ODBC interface to various DBMS). Multiple attributes can be
stored and managed for each vector object. One or several attribute tables
can be linked to a vector map.

Data model transformations The same phenomenon or feature can be
represented by different data models. GIS usually includes tools for transfor-
mation between the vector and raster data model. For example, elevation can
be measured as vector point data, then interpolated into a raster map which
is then used to derive contour lines as vector data. Note that transformations
between different data models are usually not lossless (there can be a loss or
distortion of information or spatial displacement due to the transformation).

Dimensions of geospatial data In general, Earth and its features are
located and evolve in 3D space and time. However, for most applications
a projection of geospatial data to a flat plane is sufficient; therefore two-
dimensional representation of geographical features (with data georeferenced
by their horizontal coordinates) is the most common. Elevation as a third
dimension is usually stored as a separate raster map representing a surface
within three-dimensional space (often referred to, not quite correctly, as a
2.5-dimensional representation, Figure 2.2). Elevation can be also added as a
z-coordinate or as an attribute to vector data. If there is more than a single

2 PostGIS DBMS, http://postgis.refractions.net
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z-value associated with a given horizontal location, the data represent a vol-
ume and are three-dimensional (e.g., chemical concentrations in groundwater,
or air temperature). Three-dimensional data can change in time, adding the
fourth dimension. GIS provides the most comprehensive support for 2D data.
GRASS 6 includes a 3D raster model for volume data and a 3D vector model
for multi-attribute vector data (see Brandon et al., 1999; Neteler, 2001; Blazek
et al., 2002); however, only a limited number of modules is available for true
volume data processing and analysis.

2.1.2 Organization of GIS data and system functionality

GIS can be implemented as a comprehensive, multipurpose system (e.g.
GRASS, ArcGIS), as a specialized, application oriented tool (e.g. GeoServer,
MapQuest), or as a subsystem of a larger software package supporting han-
dling of geospatial data needed in its applications (e.g., hydrologic modeling
system, geostatistical analysis software, or a real estate services Web site).
The multipurpose systems are often built from smaller components or mod-
ules which can be used independently in application oriented systems.

The multipurpose GIS usually stores the georeferenced data as thematic
maps. Each geographic feature or theme, such as streams, roads, vegetation,
or cities is stored in a separate map using the vector or raster data model.
The maps can then be combined to create different types of new maps as well
as perform analysis of spatial relations. GRASS and most of the proprietary
GIS products are based on this data organization.

A large volume of geospatial data is nowadays distributed through Internet
based GIS and Web Services. The data sets are stored on central server(s)
and users access the data as well as the display and analysis tools through
the Internet. Examples are the browser based interactive maps and virtual
globes (Google Earth, NASA WorldWind etc.), National Map of the U.S.3,
UMN /MapServer Gallery?. Almost every multipurpose GIS software includes
tools supporting development of Web-based applications. GRASS can be used
with UMN /MapServer, an Open Source project for developing Web-based GIS
applications which supports a variety of spatial requests like making maps,
scale-bars, and point, area and feature queries (see Chapter 10). Creation of
interactive maps, including MapServer, OpenEV, GDAL/OGR, and PostGIS
on the Internet, is described in Mitchell (2005) and Erle et al. (2005). The
availability of public programming interfaces by many Web mapping providers
inspires implementation of “mashups” that aggregate different (Web based)
services into new value-added applications.

Other projects such as JGrass/uDig® are using JAVA to implement a
client /server model. A new approach is the implementation of OGC Web Pro-
cessing Service (WPS) in Python, the PyWPS software (see Section 9.3.2).

3 National Map of the U.S., http://nationalmap.gov
4 UMN/MapServer Gallery, http://mapserver.gis.umn.edu
® JGrass/uDig (JAVA GRASS Client-Server) Web site, http://www. jgrass.org
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Internet GIS can be enhanced by interactive 3D viewing capabilities using
GeoVRMLS as well as by multimedia features adding photographs, video,
animations or sound to the georeferenced data.

While creating digital and hardcopy maps has been the core GIS function
over the past decade, the emphasis is shifting towards Web Services, spatial
analysis and modeling. GIS functionality is rapidly evolving and currently
covers a wide range of areas, for example:

e integration of geospatial data from various sources: projections and coor-
dinate transformations, format conversions, spatial interpolation, transfor-
mations between data models;

e visualization and communication of digital georeferenced data in form of
digital and paper maps, animations, virtual reality (computer cartogra-
phy);

e spatial analysis: spatial query, spatial overlay (combination of spatial data
to find locations with given properties), neighborhood operations, geo-
statistics and spatial statistics;

e image processing: satellite and airborne image processing, remote sensing
applications;
network analysis and optimization;
simulation of spatial processes: socioeconomic such as transportation, ur-
ban growth, population migration as well as physical and biological, such
as water and pollutant flow, ecosystem evolution, etc.

The most rapid and innovative development in geospatial technologies is cur-
rently linked to integration of geospatial information within various aspects
of Web capabilities and services such as:

e Geospatial Web and Semantic Web (content can be read and used by
software agents);

e Service Oriented Architecture (SOA) and Web Services — for example,
PyWPS, GeoServer, UMN /MapServer, deegree;

e Geotagging and GeoRSS: addition of geographical identification to various
media to support mapping and location-based search;

e Sensor Web: processing and serving real time georeferenced data acquired
by multiple sensors;

e Map tiling for projection on virtual globes — or example, OSGeo tiling
project;

e building communities that share geospatial data and develop geospatial
applications and mashups; using geospatial concepts within Web 2.0.

OSGeo foundation plays a major role in the development of these new tech-
nologies.

GIS functionality is used to solve spatial problems in almost every area of
our lives. Here are a few examples. In the area of socioeconomic applications,

6 GeoVRML Web site, http://www.geovrml.org
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Fig. 2.3. Earth’s surface representation in map projections and coordinate systems

GIS can be used to find directions, locate a hospital within a given distance
from a school, find optimal locations for a new manufacturing facility, design
voter districts with given composition and number of voters, identify crime
hot spots in a city, select optimal evacuation routes, manage urban growth.
GIS plays an important role in conservation of natural resources, agriculture,
and management of natural disasters, such as identification and prevention
of soil erosion risk, forest resource management, ecosystem analysis and mod-
eling, planning of conservation measures, flood prediction and management,
pollutant modeling, and more.

2.2 Map projections and coordinate systems

The basic property of GIS, as opposed to other types of information systems, is
that the stored data are georeferenced. That means that the data have defined
location on Earth using coordinates within a georeferenced coordinate system.
The fact that Earth is an irregular, approximately spherical object makes the
definition of an appropriate coordinate system rather complex. The coordinate
system either has to be defined on a sphere or ellipsoid, leading to a system
of geographic coordinates or the sphere has to be projected on a surface that
can be developed into a plane where we can define the cartesian system of
coordinates (easting, northing and elevation; see Sections 2.2.2).

2.2.1 Map projection principles

When working with GRASS, the projection and coordinate system must be
defined whenever a new project (LOCATION in GRASS terminology) is cre-
ated. The map projection definition is stored in an internal file within the
given LOCATION. It is used whenever the data need to be projected into
a different projection or when calculations requiring information about the
Earth’s curvature are performed. Different parameters are needed to define
different projections and coordinate systems; therefore, it is important to un-
derstand the map projection terminology.
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Shape of Earth Shape of Earth is usually approximated by a mathemat-
ical model represented by an ellipsoid (also called a spheroid). A variety of
cartographic ellipsoids have been designed to provide the best-fit properties
for certain portions of the Earth’s surface, for example, Clarke 1866 for North
America, Bessel 1841 for several European countries, or the current WGS
1984 used worldwide. While the ellipsoid describes the shape of Earth by a
relatively simple mathematical function, the geoid, an equipotential surface of
the Earth’s gravity, undulates due to the spatially variable distribution of the
Earth’s mass, see Figure 2.3. For map projections, the ellipsoids are usually
sufficient for horizontal positioning; however, the geoid has to be used for high
accuracy elevation calculations.

Geodetic or map datum A set of constants specifying the coordinate sys-
tem used for calculating the coordinates of points on Earth is called a geodetic
datum. Horizontal datums define the origin and orientation of a coordinate
system used to calculate the horizontal coordinates (usually northing and
easting). Vertical datums define the coordinate system origin for calculating
the elevation coordinate, such as mean sea level. For maps to match, their
coordinates must be computed using the same datum. Different datums mean
a shift in the origin of the coordinate system, and that means a shift of the
entire map.

Map projection To transform the curved Earth surface into a plane (flat
sheet of paper or a computer screen), a map projection is used. Direct projec-
tion of a spherical object to a plane cannot be performed without distortion.
The most common approach is to project the spheroid onto a developable
surface, such as a cylinder or a cone that can be developed into a plane with-
out deformation (tearing or stretching), see Figure 2.3. A large number of
different projections have been designed with the aim to minimize the dis-
tortion and preserve certain properties (for a mathematical description refer
to Bugayevskiy and Snyder, 2000:20-22). The conformal projection preserves
angles (shapes for small areas) and is often used for navigation and national
grid systems. The equidistant projection preserves certain relative distances
and is used for measurement of length. The equivalent projection preserves
area and is used for measurement of areas. Each of the properties (angle, dis-
tance, area) is preserved at the expense of the others. The map projection
is usually selected depending on the application because there is no perfect
solution to the projection problem. Most coordinate systems used for land
surface mapping use conformal projections.

The developable surfaces can either touch the spheroid (tangent case) or
intersect it (secant case). The most commonly used surfaces are a cylinder
(eylidrical projection), a cone (conic projection), and a plane (azimuthal pro-
jection). The points or lines where the developable surface touches or intersects
the spheroid are called standard points and standard lines with zero distortion
(e.g. standard parallel for a tangent cone or two standard parallels for a secant
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cone). That means that the projected maps do not have uniform scale for the
entire area, and that the true map scale is preserved only along the standard
lines. To minimize distortions, some projections reduce the scale along the
standard parallel(s) or central meridian(s). This is expressed as a scale factor
smaller than 1.0 in the definition of such a projection.

Transverse projections use developable surfaces rotated by 90° so that
the standard (tangent) line is a meridian called central meridian instead of
a standard parallel. Oblique projections may use any rotation defined by az-
imuth where azimuth is an angle between a map’s central line of projection
and the meridian it intersects, measured clockwise from north. Snyder (1987)
provides an excellent manual on map projections with map examples for many
important projections.

Coordinate system To accurately identify a location on Earth, a coor-
dinate system is required. It is defined by its origin (e.g., prime meridian,
datum), coordinate axes (e.g. X, y, z), and units (angle: degree, gon, radiant;
length: meter, feet). The following general coordinate systems are commonly
used in GIS:

geographic (global) coordinate system (latitude-longitude);
planar (cartesian) georeferenced coordinate system (easting, northing, ele-
vation) which includes projection from an ellipsoid to a plane, with origin
and axes tied to the Earth surface;

e planar non-georeferenced coordinate system, such as image coordinate sys-
tem with origin and axes defined arbitrarily (e.g. image corner) without
defining its position on Earth.

Note that for planar georeferenced systems false easting and false northing
may be used. These are selected offset constants added to coordinates to
ensure that all values in the given area are positive.

For mapping purposes, each country has one or more national grid systems.
Information about national grid systems can be obtained from the national
cartographic institutes or from the ASPRS Web site”. A national grid system
is defined by a set of parameters such as ellipsoid, datum, projection, coor-
dinate system origin and axes, etc. Examples of worldwide and national grid
systems are UTM (Universal Transverse Mercator), Gauss-Kriiger, Gauss-
Boaga, or State Plane. Information about the grid system used to georeference
digital geospatial data is a crucial component of the metadata and allows the
user to integrate and combine data obtained from different sources.

7 Information about national grid systems:
- ASPRS — Grids & Datums, http://www.asprs.org/resources/grids/
- European coordinate systems, http://www.mapref .org
- A comprehensive, general list of projection transformations is available at
http://www.remotesensing.org/geotiff/proj_list/
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2.2.2 Common coordinate systems and datums

Geographic coordinate system: latitude-longitude The most common
coordinate system used for global data is the spherical coordinate system
which determines the location of a point on the globe using latitude and
longitude. It is based on a grid of meridians and parallels, where meridians are
the longitude lines connecting the north and south poles and parallels are the
latitude lines which form circles around the Earth parallel with the equator.
The longitude of a point is then defined as an angle between its meridian and
the prime meridian (0°, passing through the Royal Observatory in Greenwich,
near London, UK). The latitude of a point is defined as an angle between the
normal to the spheroid passing through the given point and the equator plane.
The longitude is measured 0-180° east from prime meridian and 0-180° west,
where 180° longitude is the international date line. Latitude is measured 0-90°
north and 0-90° south from equator.

Geographic coordinates can be expressed in decimal degrees or sexages-
imal degrees. Decimal values of west (W) and south (S) are expressed as
negative numbers, north (N) and east (E) as positive numbers (e.g. Mur-
cia, Spain: -1.1333°, 37.9833°). Values given in sexagesimal system always
use positive numbers together with N, S, E; W (Murcia, Spain: 1:07:59.88W,
37:58:59.88N). It is not difficult to convert between these notations, see the
GRASS Wiki®.

Universal Transverse Mercator Grid System The Universal Trans-
verse Mercator (UTM) Grid System is used by many national mapping agen-
cies for topographic and thematic mapping, georeferencing of satellite imagery
and in numerous geographical data servers. It applies to almost the entire
globe (area between 84° N and 80° S). The pole areas are covered by the
Universal Polar Stereographic (UPS) Grid System, please refer to Robinson
et al. (1995).

UTM is based on a Transverse Mercator (conformal, cylindrical) projection
with strips (zones) running north-south rather than east-west as in the stan-
dard Mercator projection. UTM divides the globe into 60 zones with a width
of 6° longitude, numbered 1 to 60, starting at 180° longitude (west). Each of
these zones will then form the basis of a separate map projection to avoid un-
acceptable distortions and scale variations. Each zone is further divided into
strips of 8° latitude with letters assigned to from C to X northwards, omitting
the letters I and O, beginning at 80° south (Robinson et al., 1995:101). For
example, Trento (Italy; 11.133E, 46.067N) belongs to UTM zone 32, strip T.
A conversion script from latitude-longitude to UTM zone/strip is available
from the GRASS Wiki®.

8 GRASS Wiki, Converting degree notations,
http://grass.gdf-hannover.de/wiki/Convert_degree

% Download section in the GRASS AddOns Web site,
http://grass.gdf-hannover.de/wiki/GRASS_AddOns
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The origin of each zone (central meridian) is assigned an easting of
500,000m (false easting, Maling, 1992:358). For the northern hemisphere the
equator has northing set to zero, while for the southern hemisphere it has nor-
thing 10,000,000m (false northing). To minimize the distortion in each zone,
the scale along the central meridian is 0.9996, leading to a secant case of the
Transverse Mercator projection with two parallel lines of zero distortion. Note
that UTM is used with different ellipsoids, depending on the country and time
of mapping.

For GIS applications, it is important to realize that each UTM zone is a
different projection using a different system of coordinates. Combining maps
from different UTM zones into a single map using only one UTM zone (which
can be done relatively easily using GIS map projection modules) will result
in significant distortion in the location, distances and shapes of the objects
that originated in a different zone map and are outside the area of the given
zone. To overcome the problem, a different coordinate system should be used
and the data re-projected. For a quick reference, you can find the UTM zone
numbers in the Unit 013 “Coordinate System Overview” of the NCGIA Core
Curriculum in GIS.'°

Lambert Conformal Conic Projection based systems The Lambert
Conformal Conic (LCC) projection is one of the most common projections
for middle latitudes. It uses a single secant cone, cutting the Earth along two
standard parallels or a tangent cone with a single standard parallel. When
working with LCC based coordinate systems, the following parameters have to
be provided: the standard parallel(s) (one or two), the longitude of the central
meridian, the latitude of projection origin (central parallel), false easting and,
sometimes, false northing (you may recall that false easting and northing are
shifts of the origin of the coordinate system from the central meridian and
parallel).

State Plane Coordinate System The State Plane Coordinate System
used by state mapping agencies in the USA is based on different projections
depending on the individual state shape and location, usually LCC or a Trans-
verse Mercator with parameters optimized for each state. Various combina-
tions of datums (NAD27, NADS3) and units (feet, meters) have been used, so
it is important to obtain all relevant coordinate system information (usually
stored in the metadata file) when working with the data georeferenced in the
State Plane Coordinate System. GIS projection modules often allow to define
the State Plane system by providing the name of the state and the county,
however, the parameters should always be checked, especially when working
with older data.

10 Unit 013 Coordinate System Overview in the NCGIA Core Curriculum
in GIS, http://www.ncgia.ucsb.edu/education/curricula/
giscc/units/u013/u013.html
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Fig. 2.4. Example for the Gauss-Kriiger Grid System with two points A and B

Gauss-Kriger Grid System The Gauss-Kriiger Grid System is used in
several European and other countries. It is based on the Transverse Mercator
Projection and the Bessel ellipsoid. The zones are 3° wide, leading to 120
strips. The zone number is divided by 3 according to longitude of central
meridian. Adjacent zones have a small overlapping area. The scale along the
central meridian (scale factor) is 1.0.

Figure 2.4 illustrates the coordinate system, the northing values are posi-
tive north from the equator, the easting values are measured from the central
meridian. To avoid negative values, a false easting of 500,000m is defined in
addition to the third of the longitude of the central meridian. For example,
the false easting for the 9° E central meridian is 3,500,000m (9/3 = 3, value
composed with 500,000m to 3,500,000m).

North American and European Datums In general, a large number of
georeferencing datums exists, here we focus on three examples. The North
American Datum 1983 (NADS83) is a geodetic reference system which uses
as its origin the Earth’s center of mass, whereas the old North American
Datum 1927 (NAD27) had a different origin, making it useful only in North
America. GPS receivers which are mostly based on the WGS84 datum (other
local datums can be selected in the GPS receiver’s menu) also use the Earth’s
center of mass as their system’s origin.

When using maps based on different datums, a datum transformation to
a common datum is required. For example, a change from NAD27 to NADS83
system leads to a shift for the entire map. Overlapping maps based on differ-
ent datums of the same region would not co-register properly without datum
transformation. In the continental United States, a few common assignments
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between datums and ellipsoids are in use: NAD27 datum with Clarke 1866 el-
lipsoid, NAD83 datum with GRS80 ellipsoid, and WGS84 datum with WGS84
ellipsoid.

It is important to know that the NAD27 and NAD83 datums are 2D hori-
zontal datums used for horizontal coordinates (easting and northing). Separate
vertical datums used with these systems are NGVD29 and NAVD88. GRASS
does not handle yet separate vertical datums, so these transformations need
to be done outside GRASS. WGS84 is a 3D datum (x, y and height).
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Getting started with GRASS

In this chapter, we begin working with GRASS. First, we explain the GRASS
software installation and the structure of its database. Then we use a sample
data set to perform basic GIS tasks. We also include a number of examples
illustrating how to start a GRASS project using different coordinate systems.

3.1 First steps

GRASS, as a multipurpose GIS, with data organized as raster and vector
maps, provides a wide range of tools to support most of the GIS function-
ality outlined in the previous sections. An overview is given in Table 3.1.
Detailed explanation of each module, often with a usage example, is given in
the GRASS users manual (see your GRASS installation or Web site!). The
latest GRASS 6.2 release has been designed as a 3D GIS with support for 3D
raster and 3D vector data (see Blazek et al., 2002; Neteler, 2001).

3.1.1 Download and install GRASS

GRASS software can be downloaded freely from the main GRASS Web site:
http://grass.itc.it

The main GRASS site is mirrored in several countries for faster access includ-
ing the GRASS USA mirror at http://grass.ibiblio.org.

You can find there the source code (portable version for all operating sys-
tems) as well as the latest ready-to-install binaries for GNU /Linux, MacOS X
and MS-Windows (optionally with the Cygwin tools). For some GNU/Linux
distributions, easy to install binary packages are also provided. MS-Windows
users may be interested in the Quantum GIS (QGIS?) package that includes

! GRASS users manuals, http://grass.itc.it/gdp/manuals.php
2 QGIS Web site, http://qgis.org
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functionality class

functionality

geospatial data integration

2D /3D raster data processing

import and export of data in various formats
coordinate systems transformations and projections
transformations between raster and vector data
2D/3D spatial interpolation and approximation
2D and 3D map algebra

surface and volume geometry analysis
topographic parameters and landforms

flow routing and watershed analysis

line of sight, insolation

cost surfaces, shortest path, buffers

landscape ecology measures

correlation, covariant analysis

expert system (Bayes logic)

2D /3D vector data processing multi-attribute vector data management

image processing

visualization

modeling and simulations
temporal data support

links to Open Source tools

digitizing

overlay, point and line buffers

vector network analysis

spatial autocorrelation

summary statistics

multivariate spatial interpolation and approximation
Voronoi polygons, triangulation

processing and analysis of multispectral satellite data
image rectification and orthophoto generation
principal and canonical component analysis
reclassification and edge detection

radiometric correction

2D display of raster and vector data with zoom and pan
3D visualization of surfaces and volumes with vector data
2D and 3D animations

hardcopy postscript maps

hydrologic, erosion and pollutant transport, fire spread
time stamp for raster and vector data

raster time series analysis

QGIS, R-stats, gstat, UMN/MapServer, Paraview
GPS tools, GDAL/OGR, PostgreSQL, MySQL

Table 3.1. GRASS functionality

a GRASS installation. GRASS is also available on CD-ROM from various
providers.® There may be a fee for packaging the CD-ROM and for the cus-
tomized installation software.

The Web site also includes the “GDP — GRASS Documentation Project”*,
where you can find manual pages, tutorials, information about the externally
developed GRASS-modules and various articles. Support for developers and

3 List of GRASS CDs/DVDs, http://grass.itc.it/download/cdrom.php
4 GDP Web site, http://grass.itc.it/gdp/
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users is provided by several mailing lists, you can join them through the Web
interface (see the relevant links under “Support section” at the GRASS Web
site). Besides international mailing lists in English language, there are also
localized lists currently in Czech/Slovak, German, Italian, Japanese, Polish
and Spanish. The GRASS project has its Wiki based collaborative help sys-
tem®, where you can find (and submit) GRASS add-ons: scripts and modules
contributed by the community. You can participate in discussions about fu-
ture GRASS development and contribute your own tips and tricks for other
GRASS users. In addition to the GRASS Wiki site, you can download the
add-ons from a source code repository using the SVN client software:

svn co \
https://grasssvn.itc.it/svn/grassaddons/trunk/grassaddons \
grassaddons

You can add a relevant subdirectory to the above URL if you want to down-
load only a selected module. Please see the GRASS Wiki site for detailed
instructions.

GRASS binary installation The GRASS binaries are available for several
platforms (RPM, Debian and Gentoo packages as well as installation files for
MS-Windows and MacOS X) that can be downloaded from the GRASS server.
For GNU/Linux, download the install script grass-VERSION-install.sh and
the GRASS package grass-VERSION.tar.gz (the name depends on the plat-
form). The installation itself should be done as user “root”. It requires only
one step (check online for appropriate file names):

sh grass-VERSION-install.sh grass-VERSION.tar.gz

After successful installation, the package file grass-VERSION.tar.gz may be
deleted. Refer to the Chapter 9 for information on the GRASS source code,
the centralized source code server and code compilation.

3.1.2 Database and command structure

GRASS data are stored in a directory referred to as GISDBASE. This direc-
tory, often called grassdata/, must be created before you start working with
GRASS. You can create it using the mkdir command or a filemanager either
in your home directory or in a shared network directory (e.g. in a network
file system NSF) to make it accessible to colleagues. Within this directory,
the GRASS GIS data are organized by projects stored in subdirectories called
LOCATIONs (Figure 3.1). Each LOCATION is defined by its coordinate sys-
tem, map projection and geographical boundaries. The subdirectories and files
defining a LOCATION are created automatically when GRASS is started for
the first time with a new LOCATION (see Section 3.2 for more details). Each

® GRASS Wiki site, http://grass.gdf-hannover.de/wiki/
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Fig. 3.1. Organization of GRASS data directory, LOCATIONs, MAPSETs, vector
and raster maps

LOCATION can have several MAPSETs (subdirectories of the LOCATION,
see Figure 3.1) that are used to subdivide the project into different topics, sub-
regions, or as workspaces for individual team members. Besides access to his
own MAPSET, each user can also read maps in other users’ MAPSETs, but
he can modify or remove only the maps in his own MAPSET. All MAPSETs
include a WIND file that stores the current boundary coordinate values and
the currently selected raster resolution.

When creating a new LOCATION, GRASS automatically creates a spe-
cial MAPSET called PERMANENT designed to store the core data for the
project, its default spatial extent in the DEFAULT _WIND file and coordinate
system definitions. Only the owner of the PERMANENT MAPSET can add,
modify or remove its data; however, these data can be accessed, analyzed,
and copied by other users into their own MAPSETs. The PERMANENT
MAPSET is therefore useful for providing other users working on the same
project with baseline geospatial data such as elevation, roads or streams while
keeping them write-protected. To import data into PERMANENT, just start
GRASS with the relevant LOCATION and the PERMANENT MAPSET.
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The internal organization and management of LOCATION, MAPSETs
and maps should be left to GRASS. Operations such as renaming or copying
raster and vector maps involve several internal files and should always be done
through GRASS commands (we discuss this in detail in Section 3.1.6). Non-
GRASS interventions are acceptable only in exceptional situations and when
one has a good understanding of GRASS’ internal structure.

GRASS modules are organized by name, based on their function class (dis-
play, general, imagery, raster, vector or database, etc.). The first letter refers
to the function class, followed by a dot and one or two other words, again
separated by dots, describing the specific task performed by the module. Ta-
ble 3.2 lists the most important function classes. For example, v.in.ogr is a
vector command for importing vector data in various formats, r.buffer calcu-
lates a buffer zone along raster lines and around raster areas, d.rast displays
a raster map, i.ortho.photo creates an orthophoto from a scanned/digital
aerial image.

Using GRASS on the command line The general syntax of a GRASS
command which is called to run a module is similar to UNIX commands:

module [-flagl[flag2...]] parameterl=mapl[,map2,...]\
[parameter2=number...] [--o] [--g] [--V]

where module is the name of the command (see Table 3.2), optional flags
enable specific features, and parameter is a name of an input or output file,
a constant, name of a method, symbol etc. Note that there must be no space
when listing comma-separated names. By default, GRASS does not allow users
to overwrite maps with the same name to protect them, but overwriting can
be enabled by adding --o to the command line. The level of verbosity can
be changed by adding --q or --v. To learn the usage of a command (syntax,
flags and parameters), run the command with the help option. We show the
next commands only for illustration of the concept, a sample session follows
later in this chapter:

# ’"help’ as parameter
d.rast help

The next command opens the first map display, called GRASS monitor “x0”:

# monitor name as parameter
d.mon x0

Flags can be specified at any position and combined with parameters:
d.vect -c map=soils

Do not use white space before or after the = character because the various
flags and parameters are white space separated. The first parameter generally
does not require the parameter name to be specified, so the previous command
can be simplified to:

d.vect -c soils
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prefix function class type of command

d.x display graphical output

db.x database database management

g% general general file operations

i imagery image processing

m.x misc miscellaneous commands

ps.* postscript map creation in Postscript format
I raster 2D raster data processing

r3.* 3D raster 3D raster data processing

VoK vector 2D and 3D vector data processing

Table 3.2. GRASS module function classes

For additional parameter names, it is sufficient to type the initial(s) of the
parameter, just to distinguish it /them from other parameters of the command:

# full names of parameters

v.to.rast input=roadsmajor output=roadsmajor use=val
# abbreviated names of parameter

v.to.rast roadsmajor out=roadsmajor use=val

If you abbreviate too much and parameter names can no longer be distin-
guished, GRASS will issue an error message.
To read the module-related manual pages, run:

look at help index

.manual index

look at a specific command
.manual d.rast

Q # Q =

This opens the selected manual page in the default HTML browser of the
system. Adding the -m flag, text manual page will be shown in the terminal
(but page links won’t work here; browse with <space>, leave with <g>):

g.manual -m d.rast

You can also find these manual pages and tutorials at the GRASS Web site.

3.1.3 Graphical User Interfaces for GRASS 6: QGIS and gis.m

One of the currently easiest approaches to learn GRASS is through Quantum
GIS (QGIS).5 QGIS is a user friendly geographic data viewer (Figure 3.2) with
a set of analytical capabilities that runs on GNU /Linux, Unix, MacOS X, and
MS-Windows. It supports vector, raster, and database formats and OGC Web
Services. QGIS is licensed under the GNU General Public License. It reads
all common GIS data formats through the GDAL/OGR libraries, includes a
digitizer as well as a GPS track import and export. Projection on the fly can
be enabled for easy integration of different data sources. GRASS plugin is

6 Quantum GIS Web site, http://qgis.org
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Fig. 3.2. QGIS as a graphical user interface for GRASS with toolbox

provided for reading GRASS raster and vector data directly and a toolbox
enables the user to run QGIS as a graphical user interface for GRASS as it
supports all important GRASS commands. The GRASS shell is also accessible.
QGIS binary packages usually include the latest GRASS version as the GIS
backbone, therefore no extra installation is needed.

GRASS also has its native “GIS manager” graphical user interface called
gis.m (Figure 3.3), we will refer to it where appropriate but we do not explain
its use in detail as it will be replaced in near future with a wxPython based
GUL It is also possible to use a JAVA-based interface JGrass/uDig designed
for water resources and geomorphology applications.

3.1.4 Starting GRASS with the North Carolina data set

In the following sample session, we assume that you have a working knowl-
edge of running commands, creating directories, and managing files on your
computer system. You need to install the North Carolina (NC) sample data
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set that you can download from the GRASS Web site or get on CD-ROM.”
It is a comprehensive set of raster, vector and external data covering central
NC region, including a section of the NC capital city Raleigh. The coordinate
system is State Plane NAD83 with metric units. Data are provided at three
hierarchical levels: entire NC with raster data at 500m resolution; Southwest
Wake county with boundary coordinates 215000N-228500N, 630000E-645000E
and resolutions of raster maps ranging from 10m to 30m; and a small water-
shed in a rural area with data resolutions between 1m-3m; see Section 1.3 for
a more detailed description.

To start, you need to create your GIS data directory, for example,
in your home directory. For shared access you can also store it under
/usr/local/share/ or in another shared network directory. Depending on
your system set-up you may have to do the latter as a user “root” (or ask your
administrator to do it) and change the access permissions so that you can
read, write and execute within this directory. Since creating it in your home
directory is straightforward, we explain the more complex shared access — as
“root” user, run:

# find your group ID (gid)

id

# become root (needs password)
su

7 NC data set download,
http://www.grassbook.org (section “Data 3rd Edition”)
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# create directory

mkdir -p /usr/local/share/grassdata

# change its ownership to login name and your group ID
chown yourname /usr/local/share/grassdata

chgrp yourgroup /usr/local/share/grassdata

# make it read-/write-/executable for you and the group
chmod ug+rwx /usr/local/share/grassdata

We run mkdir with the flag -p to create all the non-existing parent directories
and the desired subdirectory. Then we set the permissions to “read”, “write”
and “execute” for the user and the group (use your login name for yourname
and yourgroup (gid) in the example above).

Then move the downloaded file nc_spm_grassdata-VERSION.tar.gz into
this directory, change into it and unpack the file:

# replace VERSION with current package version number

mv nc_spm_grassdata_VERSION.tar.gz /usr/local/share/grassdata
cd /usr/local/share/grassdata

tar —xvzf nc_spm_grassdata-VERSION.tar.gz

The resulting list of files shows that the data are extracted into a new subdi-
rectory nc_spm, which is the name of your LOCATION. After unpacking, the
downloaded “tar.gz” package file can be deleted.

Starting GRASS You can now call GRASS in the terminal (or from the
menu system):

grass63

and you will see the start menu for selecting a LOCATION and a MAPSET in
your GIS data directory (Figure 3.4). Your home directory will be automati-
cally entered as a GIS data directory. Replace it with /home/user/grassdata/
or /usr/local/share/grassdata/ as appropriate. For LOCATION select
nc_spm; for MAPSET select userl. Then click on Enter GRASS, and you will
see the welcome message and the command line prompt in your window (the
version may vary):

GRASS 6.3.cvs (nc_spm) :~ >

Now you are in GRASS and you can call GRASS modules as well as UNIX
programs. You can also use the gis.m GUI which opened when you entered
GRASS (Figure 3.3). If you don’t see it, just type:

gis.m

Most of the GRASS commands are integrated within this interface and you
can find a command for a specific task using the function menus. The interface
includes a brief description of the parameters and it also displays the command
line version of the module.
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Welcome to GRASS GIS Version 6.3.cvs
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Accessible Mapsets
(directories of GIS files)

Create new mapset
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nc_spm_05 userl

panamautimigsed user2 Define new location with...

Georeferenced file

EPSG codes |

o =k B Projection values |

Enter GRASS | Bt | Help |

Fig. 3.4. Graphical startup of GRASS

To list the available raster and vector maps, type:

g.list rast
g.list vect

You can learn more about each raster or vector map in terms of its minimum
and maximum coordinates, resolution, and number of classes using the *.info
commands, for example:

r.info elevation
v.info streams
v.info -c streams

The last command with -c flag prints types and names of attribute table
columns for a vector map.

3.1.5 GRASS data display and 3D visualization

To view raster and vector maps, we use the standard GRASS monitor “x0”
throughout the book. Alternatively, you can also use the built-in graphical
user interface gis.m, QGIS with GRASS plugin, JGrass or other software.
You can learn how to work with the most recent version of GUI using the on-
line help or any of the relevant on-line tutorials. We prefer to use the command
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Fig. 3.5. Shaded elevation raster map with overlayed vector streams, major roads
and overpasses

line interface (CLI) in the book. Besides the advantage of speed and indepen-
dence from changing graphical user interfaces, the GRASS shell maintains
the command history per mapset which lets you scroll back. Additionally, it
is auto-documenting the work that has been done.

To display a map on a unix-like system (GNU/Linux, MacOS X, etc.),
first open a GRASS monitor:

d.mon x0

The default size of the graphics monitor is relatively small, so you may want
to resize it to a bigger window using the mouse. MS-Windows users either
have to install a X-Server to use the GRASS monitors or they may use gis.m
to display maps.

To view the raster elevation map together with vector streams (drawn
as blue lines), major roads (drawn as black lines) and overpasses (drawn as
symbols) type (Figure 3.5):

# set the region to the raster map to be displayed
g.region rast=elevation -p
d.erase

# display elevation map as 2D color map and a shaded color map
d.rast elevation
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(o}

.his h=elevation i=elevation_shade

display vector line and point maps

.vect streams col=blue

.vect roadsmajor

.vect overpasses icon=extra/bridge size=15 fcol=blue

Q. 0 0O #*

To simultaneously view more than a single raster map (for example, to com-
pare patterns), it is possible to open up to seven GRASS monitors named x0
through x6 using the command d.mon. Use the parameter select to choose in
which monitor the map will be displayed, for example (nc_spm LOCATION):

.region rast=aspect -p

.mon x0

.rast aspect

.mon x1

.rast geology_30m

.barscale at=0,0

.mon select=x0

.vect roadsmajor col=yellow

00 0 0 0 0 0\

This will display the aspect map in monitor x0, the geological map in monitor
x1, and overlay the roads map again in monitor x0. If you are planning to
use multiple monitors regularly, it is worth trying the module gis.m which
provides a graphical user interface for easily managing multiple monitors and
browse through multiple raster and vector maps interactively. To get a list of
the maps currently displayed in the GRASS monitor, use d.frame -1.

Zooming You can interactively zoom into a selected location within a map
displayed in the GRASS monitor using the command:

d.zoom

Buttons:

Left: 1. corner
Middle: Unzoom
Right: Quit

Use the left mouse button to define the first corner point, then move around
the mouse to open the zoom box and use the middle mouse button to set the
second zoom box corner. If the zoom level is acceptable, confirm it with right
mouse-click. The related mouse button menus are explained in the terminal
window. To zoom out with d.zoom, use the middle mouse button. The com-
mand requires an open and selected GRASS monitor with at least one map
displayed in it, otherwise the graphical user interface will appear and ask for
the map name.
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Fig. 3.6. Elevation surface and color raster map with overlayed vector streams,
major roads and overpasses shown in nviz

Region changes and redraw If you change the region coordinates or raster
resolution, run d.redraw to tell the GRASS monitor about it. It will fetch the
updated region settings and redraw the displayed map(s) accordingly.

Barscale and legends While we have already used the barscale above,
barscale and legends are explained in greater detail in the beginning of the
raster and the vector chapters. More sophisticated display methods and output
to other formats (PNG, PS etc.) are covered in Chapter 7.

Map queries Map queries are described in Section 5.1.3 for raster data and
Section 6.4.1 for vector data.

Viewing GRASS data in 3D space We can also load the maps into the
NVIZ viewer:

nviz elevation vect=streams, roadsmajor point=overpasses

Using the green puck, you can modify the view perspective (Figure 3.6). Most
sliders should be self-explanatory and are covered in greater detail in the
visualization chapter (refer to Section 7.3). In the Visualize ~» Raster Surfaces
menu you can adjust the raster surface resolution (set fine to a low number
or 1 to render the surface at the highest resolution). To drape a new color
map over the surface select a new raster map from the Surface Attribute ~»
color option, for example, landclass96 from the PERMANENT MAPSET
and use DRAW to render your elevation surface with the new color map. You
can select colors for the Visualize ~» Vector Lines and a different (3D) symbol
for the Visualize ~» Vector Points (select red color, icon size “200” and icon type
“diamond”). You can leave NVIZ through File ~ Quit.

In the following chapters, you will see numerous examples of geospatial
data processing and analysis performed with the North Carolina sample data
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set; therefore, at this point, we will just show how to properly end the GRASS
session. Exit gis.m by clicking on File ~» Exit. If there are still open monitors,
close them using the mouse, then exit GRASS by typing:

exit

It is recommended to close GRASS correctly to ensure that temporary files
are not left over. If you exit GRASS but forgot to close gis.m, you can do it
at any time later by simply closing the relevant windows using the menu or
mouse.

3.1.6 Project data management

When working with GRASS, it is important to understand that each raster or
vector map consists of several files which include the data, categories, header,
and other information. The general map management commands simplify list-
ing, copying, renaming and deleting maps: use them to maintain the consis-
tency in the GRASS GIS directory. It is not recommended to directly modify
the files in the LOCATION or MAPSET directories, unless you are experi-
enced with the system. The map management modules are also applicable to
other GRASS related files such as region definitions and imagery groups.

Although it is possible to use all combinations of characters for the GRASS
map names if the map name or expression is enclosed within quotes, it is safer
to follow the name conventions described below. First, it is important to avoid
spaces and special characters, such as a comma, dash, or exclamation mark
in GRASS map names. Since GRASS 6, dot is not allowed in the vector map
names to maintain compliance with the SQL standard. It is also useful to
include at least one letter in raster map names to avoid confusion with num-
bers being treated as values, especially when using the map algebra module
r.mapcalc.

We have already shown that we can use the command g.1list to list avail-
able raster and vector maps. To list the maps with their titles, use -f flag.
If you have many MAPSETs and you want to see the maps stored only in a
selected one, use the mapset parameter, for example:

# start GRASS with NC data set
grass63

g.list —-f vect
g.list —-f vect mapset=PERMANENT

Remember, when a list exceeds the terminal screen, continue with <SPACE>,
go back with <b> and leave with <g>. In case you have many maps available,
you may want to list only their subset. You can use wildcards to invoke auto-
mated character or name replacement or, optionally, regular expressions. In
our example, we want to see all vector maps with the names starting with “s”:
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g.mlist vect pattern="sx"

To create a full copy of a map, use the g.copy module. You have to specify
the map type and add an old and a new map name, separated by comma (no
spaces are allowed between the names). As an example, you can copy the map
railroads from the PERMANENT MAPSET into your own MAPSET:

g.copy vect=railroads@PERMANENT, myrailroads

To rename a map, you can use g.rename and list the old name and the new
name, separated by comma:

g.rename vect=myrailroads,railnetwork

You should also use a GRASS command to remove maps. For example, to
remove one of the recently created map copies, type:

g.remove vect=railnetwork

Multiple maps can be removed by listing them separated by comma. If you
need to delete a series of maps, you may carefully (!) use the g.mremove mod-
ule. It allows the use of wildcards or regular expressions similar to g.mlist.
For example, you can generate several map copies and then delete them in
one step:

.copy vect=railroads@PERMANENT,myrailroadsl
.copy vect=railroads@PERMANENT,myrailroads2
.copy vect=railroads@PERMANENT,myrailroads3
.list vect

Q Q Q Q

this only lists the delete candidates
.mremove vect="myrailx"

this really removes them

.mremove vect="myrailx" -f

Q #* Q =

The module will collect the list of map names and ask for confirmation to
delete. You should double check the list for any map that you want to keep.
You won'’t be able to undelete it.

Initially, you have access only to the MAPSET PERMANENT (read only,
unless you work in it) and your own MAPSET, in our case userl (read
and write). If several MAPSETS exist for a given LOCATION, for exam-
ple, when working within a team, you have to add these other MAPSETS to
the MAPSET search path to be able to access them. You will have only read
access to MAPSETs belonging to other users. To list all MAPSETs available
for a given LOCATION and find out which are currently accessible, type:

g.mapsets -1lp

You can add MAPSET user?2 to the search path or re-arrange the search order
of MAPSETS for listing their maps as follows:
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g.mapsets addmapset=user?2
g.mapsets mapset=PERMANENT,userl,user2
g.list rast

To modify data from another user’s MAPSET, copy them to your MAPSET
using g.copy. You can restrict others’ access to your own MAPSET using the
command g.access. MAPSETSs to which access is restricted can still be listed
in another’s MAPSET search path; however, access to the data within these
MAPSETs will remain restricted.

To get information about the current LOCATION coordinate system pa-
rameters and units, the current MAPSET spatial extent (region) and GRASS
environmental variables type:

g.proj -p
g.proj -w
g.region -p
g.gisenv

You will learn more about these commands in the next section when we de-
scribe how to create a new LOCATION, and in the next chapter, Section 4.1.2
that illustrates various options available for region extent and resolution.
GRASS environmental variables are often used in scripts as you will learn
in Chapter 9.

LOCATION and MAPSET management The most efficient way to
copy a LOCATION or a complete GRASS GIS data directory is to package
the directories and then extract them in the destination directory. Care must
be taken, if vector attribute data are kept in an external SQL database. For
example, to package the nc_spm LOCATION, enter:

cd /usr/local/share/grassdata

tar —-cvzf /tmp/mync_spm_location.tar.gz nc_spm/

mv mync_spm_location.tar.gz /some/target/directory/
cd /some/target/directory/

tar -xvzf /tmp/mync_spm_location.tar.gz

If the target directory is located on a different computer, you can transfer the
file mync_smp_location.tar.gz on an external memory drive (USB, DVD) or
through network to the destination machine and extract it there.

You can remove a LOCATION from the GIS data directory as follows:

cd /usr/local/share/grassdata
rm —-r nc_spm

This will remove the entire nc_spm directory. If you want to avoid the delete
confirmation prompts for every file/subdirectory, add the flag -f to the rm
command. Of course you can also use a file manager. For MAPSETs, the
same applies — they can be simply removed or renamed using command line
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tools or a file manager. Note that this may affect MAPSET search paths
(managed with g.mapsets and g.access).

3.2 Starting GRASS with a new project

When starting a new project, you need to define a new LOCATION and its
projection and coordinate system. GRASS provides three options through its
start-up panel (Figure 3.4):

e use available georeferenced file,
e use European Petroleum Survey Group (EPSG?®) code, or
e define projection and coordinate system parameters.

New project from a georeferenced file: North Carolina State Plane
NADS83 with units meters We will use the North Carolina (NC) geodetic
point data provided as a SHAPE file gdc. shp to illustrate the first, easiest case.
You can find the data within the geod_pts_spm.zip file in the subdirectory
ncexternal/ of the NC sample data set provided for this book. The data
include a gdc.prj text file with the projection and datum information: it is
State Plane NAD83 with units meters, the same as we use for our sample data
set. To create a new LOCATION, start

grass63 —-gui

and select Georeferenced file under Define new location with in the start-up
panel. This opens a new panel where you provide:

e Name of new location, for example, mync_spm,
e Path to new location, the path to your GIS data directory,
e Path to georeferenced file, use the Browse button to define this path.

Then click on Define location ~» OK. After creating this new LOCATION,
it will be selected automatically along with the PERMANENT mapset. To
create an additional mapset, type a new name, for example, mymapset into
the field under Create new mapset, select it in the list, click Enter GRASS and
you should be in your newly created project LOCATION. You can check your
projection using g.proj -p (or g.proj -w); it should be Lambert Conformal
Conic with NADS83 datum, units meters, that are used for the official State
Plane coordinate system in NC. Note that the default region (spatial extent)
has not been set and default values (all 1) are used. If you know the coordi-
nates of your project area you can use g.region to define the coordinates, for
example, for the LOCATION mync_spm we can define:

# use flag -s to save it as default region
g.region n=228500 s=215000 w=630000 e=645000 res=10 -p -s

8 Now called “OGP Surveying & Positioning Committee”, http://wuw.epsg.org/
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If you do not know the coordinates, the easiest approach is to import a file
(for example, the geodetic points that we used to create the LOCATION
mync_spm) and set the region from this file as will be explained in the next
chapter.

After having created the new projected LOCATION, it is highly recom-
mended to run g.region -b. The command reprojects the current MAPSET
boundary values to latitude-longitude which helps you to verify that the pro-
jection definitions are correct. Note that the -b flag reprojects to the WGS84
ellipsoid.

New project from EPSG code: North Carolina State Plane NADS83
with units feet If you don’t have any standard (GDAL/OGR readable, see
Section 3.3.3) georeferenced file you can use the European Petroleum Survey
Group (EPSG) code, aimed at standardization of common projection defini-
tions. Projections and coordinate systems including geodetic datum can either
be manually defined or selected via EPSG code from predefined list entries.
The EPSG codes menu window provides a browse and search option for EPSG
codes. If you open the EPSG code browser in GRASS, you can search for
available North Carolina projections: you will find more than five (including
deprecated codes), so you will need to make a decision which one to use. Our
sample data set uses “NAD83(HARN) / North Carolina”, EPSG code 3358;
however, some of our data come in the same projection, but with units feet
(EPSG code 2264) and we will use the latter as an example. Again start
grass63 -gui, and select EPSG codes in the start-up panel (Figure 3.4).
This opens a new panel (Fig. 3.7) where you provide

e Name of new location, for example, change to mync_spf,
e Path to the EPSG-codes file, should appear automatically,
EPSG code number of projection, the code of the projection.

Then type in the EPSG code into the last entry line, in our case 2264
(click on Browse to see/search the list of all EPSG codes, see Fig. 3.7). Then
click on Define location and OK. You should see the new LOCATION in the
list and you continue as in the previous example by creating your mapset.

For both of the above described options the spatial extent of the study area
— region — needs to be defined. As in the above example, we use g.region to
define the boundary coordinates for the LOCATION mync_spf:

g.region n=749680 s=705370 e=2116150 w=2066920 res=10 -p

# verify if resulting latitude-longitude coordinates match
g.region -b

New project from interactively defined values The third option is used
if Projection values are selected in the start-up panel (Figure 3.4). We will
illustrate the procedure in the next section by creating a new LOCATION
with geographic (lat/long) coordinate system.
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"® 06 Define location using EPSG projection codes N
Name of new location mync_spf
Path to the EPSG-codes file /usriocal/grasslib/sharefprojlepsg [ Browse.. )
EPSG code number of projection 2264 ( Browse.. )
( cawa
4
-—e o6 EPSG-codes |

EPSG CODES (from file: /usrlocal/grasslib/share/proj/epsg) ‘
You can select EPSG code (in <braces>) and copy iyor later use. .
# NAD83 / New York Long Island (ftUs) (SXXG) Search

<2263> +proj=lcc +lat 1=41,03333333333333 +lat_2=40.666¢ Search text: North Carolina
+lat_0=40.16666666666666 +lon_0=-74 +x_0=300000.0000000(

+datum=NADS3 +to_meter=0. 3048006096012192 +no_defs <> efofward search O backward search

# NADS3 / North Carolina (ftus) Search { Close /‘

<2264> +proj=lcc +lat_1=36.16666666666666 +lat 2=34.33333333333334 +lat_0=33.75
+lon_0=-79 +x_0=609601.2192024384 +y_0=0 +ellps=GRS80 +datum=NADS&3
+to_meter=0.3048006096012192 +no_defs <>

v

(Coiose .

%

Fig. 3.7. Definition of NC State Plane/Feet from EPSG code

GRASS 6.3.cvs

DATABASE: A directory (folder) on disk to contain all GRASS maps
and data.

LOCATION: This is the name of a geographic location. It is defined
by a co-ordinate system and a rectangular boundary.

MAPSET : Each GRASS session runs under a particular MAPSET. This
consists of a rectangular REGION and a set of maps.
Every LOCATION contains at least a MAPSET called
PERMANENT, which is readable by all sessions.

The REGION defaults to the entire area of the chosen LOCATION.

You may change it later with the command: g.region

LOCATION: mync_11 (enter list for a list of locations)
MAPSET : userl (or mapsets within a location)
DATABASE: /usr/local/share/grassdata

AFTER COMPLETING ALL ANSWERS, HIT <ESC><ENTER> TO CONTINUE
(OR <Ctrl-C> TO CANCEL)

Fig. 3.8. GRASS text-based startup screen for selection of LOCATION, MAPSET
and DATABASE
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3.2.1 Defining the coordinate system for a new project

To create a new LOCATION from projection values, first type grass63 -gui
and select Projection values in the start-up panel (Figure 3.4). This brings
up the old, text-based GRASS start-up interface screen (see Figure 3.8).
Alternatively, grass63 -text gets you directly to the text-based interface.

For LOCATION enter the name for your new project (in our case mync_11),
for MAPSET you can enter userl, and for DATABASE (GIS data directory)
you should have /usr/local/share/grassdata (if it is not there, type it in).
Note that this is an old fashioned interface and when you want to change
something, you need to type over it (BACKSPACE will not erase it). Once
you have entered the new LOCATION, MAPSET, and DATABASE, you can
continue with <ESC><ENTER>. Because your LOCATION does not exist yet,
the following menu appears:

LOCATION <mync_11> - doesn’t exist
Available locations:

Would you like to create location <mync_11> ? (y/n)
Type <y> and you will get the following message:

To create a new LOCATION,you will need the following information:
1. The coordinate system for the database
%,y (for imagery and other unreferenced data)
Latitude-Longitude
UTM
Other Projection
2. The zone for the UTM database
and all the necessary parameters for projections other than
Latitude-Longitude, x,y, and UTM
3. The coordinates of the area to become the default region
and the grid resolution of this region
4. A short, one-line description or title for the location
Do you have all this information for location <mync_11>? y

From the previous sections, you should understand what latitude-longitude
or UTM means and you should know, based on the data that you want to
work with (or from your supervisor, customer or instructor), what coordinate
system you are going to use (see Figure 3.9 for a general idea). You can type
again <y> and you will be asked to specify the new coordinate system:

X,y
Latitude-Longitude
UTM

Other Projection

o Qw >

Type the appropriate letter, in our example, it will be <B> for Latitude-
Longitude. We accept and continue with:
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Fig. 3.9. Definition of a xy LOCATION and a projected LOCATION

Please enter a one line description for location <mync_11>
> North Carolina Latitude-Longitude WGS84
ok? (y/n) [yl y

The next step is the selection of the geodetic datum:

Do you wish to specify a geodetic datum for this location? y
Please specify datum name

Enter ’'list’ for the list of available datums

or ’'custom’ if you wish to enter custom parameters

Hit RETURN to cancel request

>

To see the list of available datums, enter list at this prompt, then select the
datum by typing its name:

>list
Short Name Long Name / Description

agdo6 Australian_Geodetic_Datum_ 1966
(australian ellipsoid)

wgs84 World_Geodetic_System_1984
(wgs84 ellipsoid)
Please specify datum name
Enter ’'list’ for the list of available datums
or ’'custom’ if you wish to enter custom parameters
Hit RETURN to cancel request
>wgs84

For most geodetic datums you have to select the datum transformation pa-
rameters:
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Now select Datum Transformation Parameters
Enter "list’ to see the list of available Parameter sets
Enter the corresponding number, or <RETURN> to cancel request
>1list
Number Details
1 Used in Default wgs84 region

(PROJ.4 Params towgs84=0.000,0.000,0.000)

Default 3-Parameter Transformation
Now select Datum Transformation Parameters
Enter ’"list’ to see the list of available Parameter sets
Enter the corresponding number, or <RETURN> to cancel request
>1

These are all required parameters for latitude-longitude. Next you will be
prompted to define your default region by defining the boundary coordinates
of the project area and the default raster resolution (here we use sexagesimal
degree notation and the spatial extent will cover entire state of NC):

DEFINE THE DEFAULT REGION

====== DEFAULT REGION =======
NORTH EDGE: 37:00:00N_ |

85:00:00W_ | 75:00:00W_
SOUTH EDGE: 33:00:00N_ |

\
\
WEST EDGE | |EAST EDGE
\
\

PROJECTION: 3 (Latitude-Longitude) ZONE: O

GRID RESOLUTION
East-West: 0:00:30
North-South: 0:00:30

AFTER COMPLETING ALL ANSWERS, HIT <ESC><ENTER> TO CONTINUE
(OR <Ctrl-C> TO CANCEL)

The default raster resolution (GRID RESOLUTION) is arbitrary, be-
cause you can change it later based on the needs of your application.
For latitude-longitude LOCATIONS, you have to define the resolution in
degree:minutes:seconds (DMS) as well. You can leave this screen with
<ESC><ENTER> and then check the list of parameters that appears:

projection: 3 (Latitude-Longitude)
zone: 0

north: 37:00:00N

south: 33:00:00N

east: 75:00:00W

west: 85:00:00W
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e-w res: 0:00:30
n-s res: 0:00:30
total rows: 480
total cols: 1200
total cells: 576,000

Do you accept this region? (y/n) [y] > vy
LOCATION <mync_1l1> created!
Hit RETURN -->

If everything is correct, type <y> and <ENTER> and you will get back to the
startup screen. Type <ESC><ENTER> again and you will get the message that
your MAPSET does not exist yet (note that the MAPSET PERMANENT
was created automatically):

Mapset <<userl>> is not available

Mapsets in location <>

(+) PERMANENT

note: you only have access to mapsets marked with (+)

Would you like to create < userl > as a new mapset? (y/n) y

Type <y> and your new LOCATION with your MAPSET are created and the
GRASS prompt appears. You are now working in GRASS. You can check the
definition of your LOCATION by running:

g.proj -p
g.region —pm

The second command prints the region information with the geodesic reso-
lution reported in meters. Now the LOCATION is ready, and you can start
importing data.

The dialog used for the LOCATION definitions will vary depending on
the coordinate system. For example, when defining a new LOCATION in the
UTM coordinate system (option <C> in the dialog) you will be asked for the
Datum name (usually “nad83” in USA), Datum transformation parameters
(you can select them based on the state, default is used for NC), and Zone
(based on state, NC is in zones 17 and 18).

Most states in USA use State Plane Coordinate System (you will find it
in the list for option <D>), and the dialog allows you to create its projection
parameters based on the state and county Federal Information Processing
Standards (FIPS) codes that are listed for each state and county in the dialog.
If you need to work in feet, make sure that you select US Survey Foot for a
project in USA.
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North: rows (y)
(from image)

| |
| |
| |
| West: O East: cols (x) |
| (from image) |
| |
| |

Resolution: East-West: 1
North-South: 1

Fig. 3.10. Definition of a region for xy LOCATION suitable for importing an image
or scanned map. Units are pixels

3.2.2 Non-georeferenced xy coordinate system

You can define a LOCATION in a general, non-georeferenced coordinate sys-
tem xy if you need to work with non-georeferenced data, or you do not know
the parameters of your coordinate system, or your coordinate system is not
supported by GRASS.

To define a new xy LOCATION, type grass63 -gui and select Projection
values in the start-up panel (Figure 3.4). Type in the new names for LOCA-
TION and MAPSET; for example, my_xy and userl in the old, text-based
GRASS start-up interface screen (see Figure 3.8). Similarly to the procedure
described in Section 3.2 proceed to the question Please specify the coordinate
system for location my xy. The coordinate system we need here is <A> “x,y”.
After entering a one line description, you reach the LOCATION region def-
inition screen. Now define the region size in x and y direction (columns and
rows). It should cover at least the size of the image or map that you want to
import. The xy LOCATION can be defined larger than needed because the
actual memory used depends only on the size of your imported file. When
working with imagery data, set the west and south values to 0 (zero) and
the north and east values to the number of rows and columns of the image
(or more, compare Figure 3.10). The GRID RESOLUTION can be set to 1,
because the units are pixels. After leaving this menu and accepting the defini-
tion, the new LOCATION is created. You can return to the GRASS startup
screen and leave it again to create the MAPSET and to enter GRASS.

3.3 Coordinate system transformations
Geospatial data for a given study area are often provided in different coordi-

nate systems (for example, a combination of data in the UTM, State Plane
and geographic coordinates is quite common in USA). It is therefore impor-
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tant to have the capability to transform data between different projections
and coordinate systems.

GRASS and its projection support through PROJ/ The projection
library needed for GRASS 6 is PROJ 4.5.0 or later which was originally devel-
oped by USGS (Evenden, 1995). This library is now maintained by volunteers®
and contains a stand-alone program cs2cs for the reprojection of coordinate
lists. PROJ4 supports datum transformations from version 4.4.5 onwards. The
general procedure for a transformation between two projections is internally
always performed through geographical coordinates:

Projectionl ~» latitude-longitude ~» Projection 2

The projection information for each GRASS LOCATION is stored in the
PERMANENT MAPSET in files PROJ_INFO and PROJ_UNITS. Depending on
the actual projection the following parameters may be included: proj (projec-
tion type), name (projection name), ellps (ellipsoid), a (ellipsoid: equatorial
radius), es (ellipsoid: eccentricity squared), zone (zone for the area), unfact
(conversion factor from meters to other units, e.g. feet), lat_0 (standard par-
allel), lon_0 (central meridian), k (scale factor), x_0 (false easting) and y_0
(false northing).

To simplify the definition of a projection, PROJ4 provides support for
the EPSG codes, aimed at standardization of common projection definitions.
Projections and coordinate systems including geodetic datum can either be
constructed or selected via EPSG code from predefined list of entries. As
mentioned in the previous section, the list of EPSG codes is usually installed
at /usr/local/share/proj/epsg.

Depending on the type of data, coordinate transformations can be done
in two ways:

e ASCII file coordinate lists can be transformed between any of the more
than 120 supported projections by running the external command cs2cs
provided by PROJ4 (or m.proj);

e raster and vector maps can be transformed between two existing LOCA-
TTIONS with different coordinate systems using the commands r.proj and
V.proj.

As an alternative, the external commands gdalwarp (for raster data) and
ogr2ogr (for vector data) are available. For map reprojections, see Sec-
tion 3.3.3.

3.3.1 Coordinate lists

PROJ4 provides the command cs2cs for reprojection of point lists given by
coordinate pairs, such as map corners or points from a GPS survey. The

9 PROJ4 Web site, http://proj.maptools.org/
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GRASS command m.proj can be used as frontend to cs2cs. You have to define
the source and the target projections, then the coordinate pairs are queried
or read from an ASCII file, transformed, and written either to the screen
or redirected to an output file. You can also list the supported projections
using cs2cs -1p, an extended list with flag -P, ellipsoids cs2cs -le, prime
meridians cs2cs -1m, datums cs2cs -1d and units cs2cs -1u.

For example, to transform the corner points of the mync_11 LOCATION
from latitude-longitude/ WGS84, to UTM/WGS84 zone 17 you can use (enter
in one line, you can find the required parameters in the epsg file):

cs2cs —v +proj=latlong +to +proj=utm +zone=17 +ellps=WGS84 \
+datum=WGS84 +units=m

This command prints out the projection parameters (due to the -v flag) and
then waits for input. Now you can type in the longitude and latitude coordi-
nate pairs, optionally with the related elevation; for example, the southwest
map corner of the mync_11 LOCATION delivers:

# type input, use CTRL-D to leave
78d00’ 00"W 35400’ 00"N

# resulting UTM Zone 17 coordinates
773798.10 3877156.69 0.00

which represents the corresponding UTM coordinates in meters.

As a different example, you can transform the elevation map cor-
ner coordinates from NC State Plane/NADS83 (nc_spm LOCATION) to
LAEA /Sphere/no datum and store the resulting values in a file. To get the
elevation map coordinates, start GRASS with the nc_spm LOCATION, and
run:

r.info elevation
# only output map boundaries
r.info -g elevation

and store the reported values into a file nc_spm_NAD83.txt. The input file must
be written in plain ASCII format containing row-wise easting and northing:

630000 228500
645000 228500
645000 215000
630000 215000

Now you can convert the coordinates in the file to the standard raster map
projection of the National Atlas of the U.S.'% which is Lambert Azimuthal
Equal Area (LAEA) on a Sphere (see EPSG code 3358):

10 National Atlas of the U.S. download area,
http://nationalatlas.gov/atlasftp.html
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# alternative

cat nc_spm_NAD83.txt | cs2cs -v +init=epsg:3358 \
+to +proj=laea +lat_0=35 +lon_0=-80 +x_0=0 +y_0=0 \
+ellps=sphere +units=m > ncLAEA.txt

The command line will reproject the coordinate pairs stored in file
nc_spm_NAD83.txt to coordinates in Lambert Azimuthal Equal Area on a
Sphere without geodetic datum and write the result to file ncLAEA.txt where
you will find information about the coordinate systems used and the resulting
coordinates:

110780.21 70423.01
125780.56 70573.67
125917.38 57072.47
110916.94 56921.96

Note that you can find the parameters for many projections already formatted
for the use with cs2cs command in the epsg file.

3.3.2 Projection of raster and vector maps

The projection of raster and vector maps between two different coordinate
systems requires two LOCATIONSs: one LOCATION holding the source map
and input coordinate system information, and another LOCATION for read-
ing the target coordinate system information and storing the projected map.

While vector maps can be reprojected directly, raster maps require to
set region and resolution of the target location appropriately. The easiest
way is to generate a vector “box” map of the region of interest in the source
location using v.in.region. This vector area map is then reprojected into the
target location with v.proj and used to set the region in the target location.
Additionally, the target raster resolution is defined. The subsequent run of
r.proj reprojects the desired raster map.

To illustrate the procedure, we will project raster and vector maps down-
loaded from the USGS in the geographic coordinate system to the State Plane
system that we will use for most of our work. Our sample data set includes
LOCATION nc_11 with a 1/3 arcsecond (approx. 10m) resolution elevation
map. We reproject this elevation map from LOCATION nc_11 into the nc_stm
LOCATION defined with State Plane coordinate system in Section 3.2.1. For
this, we start GRASS with LOCATION nc_11, set the current region to the
elevation map and generate the “box” vector map:

# in latitude-longitude LOCATION
g.region rast=elev_ned_03arcsec -p
v.in.region elev_ned_03arcsec_box

Then we restart GRASS (or start a parallel session) with nc_stm LOCATION
and “pull” the 1/3 arcsecond resolution elevation map from the source LO-
CATION nc_11 into your current LOCATION at 10m resolution as follows:
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in State Plane metric LOCATION

.proj elev_ned_03arcsec_box location=nc_1l1 mapset=PERMANENT

set region to box vector map and update raster resolution

.region vect=elev_ned_03arcsec_box res=10 -pa

.proj in=elev_ned_03arcsec out=elev_ned_10m location=nc_11 \
mapset=PERMANENT method=cubic

.mon x0

.rast elev_ned_10m

box vector map is no longer needed

.remove vect=elev_ned_03arcsec_box

R Q =# < =

Q #*= 0. 0

The projected map is saved with the same name as the input map if no output
name is defined. The resolution and region (map extent) of the projected map
is given by the current region settings in the target LOCATION nc_stm. You
can verify the settings with g.region -p and use this command to limit trans-
formations to subregions with desired resolution. Please refer to the manual
page of r.proj for the available interpolation methods used during the trans-
formation. Projections can introduce significant errors if the resolution and
method are not selected carefully, especially if there is a significant difference
between the resolution of the original and projected map.
Similarly, you can project vector maps:

# in State Plane metric LOCATION
v.proj in=roads location=nc_1l1l mapset=PERMANENT
d.vect roads

Creation of subregions is not supported for the vector data, therefore entire
map is always projected or it has to be clipped beforehand in the source
LOCATION.

3.3.3 Reprojecting with GDAL/OGR tools

Sometimes it is more convenient to reproject maps to a desired projection (or
coordinate system, ellipsoid, geodetic datum) before importing them into a
GRASS LOCATION. The free GDAL/OGR libraries'! provide a set of tools
to perform such map preprocessing. GDAL is a translator library for raster
geospatial data formats while OGR supports vector data. For GNU/Linux
and MS-Windows systems these libraries and tools are included in the “FW-
Tools”'2 which are easy to install. However, the GDAL/OGR tools are usually
available once GRASS is installed since the GDAL/OGR libraries are a re-
quirement.

1 GDAL library, http://www.gdal.org/
OGR library, http://www.gdal.org/ogr/
12 FWTools Web site, http://futools.maptools.org/
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GDAL and raster data GDAL provides several tools for working with
raster data, such as gdalinfo for reports about the properties of the GDAL-
supported raster data set, gdal_translate for conversion between different
raster formats, including subsetting and resampling; and gdalwarp for image
reprojection. The general command structure is:

# list all supported formats
gdalinfo —-—-formats

# show details of a selected format
gdalinfo —-—-format gtiff

# show raster map information (metadata)
gdalinfo [flags] rastmap

# do raster map format conversion or projection assignment
gdal_translate [flags] [parameters] inrastmap outrastmap

# do raster map reprojection
gdalwarp [flags] [parameters] inrastmap outrastmap

The following example shows how to convert a free LANDSAT-TM7 scene
for the central North Carolina region, available from GLCF Maryland'?, from
UTM/WGS84 to LCC/NADS3 to match the nc_spm LOCATION projection.
To reproject the image we run gdalwarp with the flags -tr xres yres to main-
tain original resolution and -te W N E S to cut out the region of interest. We
can make use of shell capabilities and launch the command within a GRASS
session (nc_spm LOCATION):

# get information about the image
gdalinfo p016r035_7t20020524_z17_nn30.tif

# set to region of interest
g.region n=228500 s=215000 w=630000 e=645000 res=14.25 -pa

# transfer region coordinates into shell as defined variables
eval ‘g.region -g‘
echo "$w $s S$e $n"

# check current location projection
g.proj —-wf

# reproject to current location projection set on the fly

# as —-t_srs (target spatial reference system)

gdalwarp —-t_srs "‘g.proj -wf'" —-te Sw $s Se S$n \
p016r035_7t20020524_2z17_nn30.tif
p016r035_7t20020524_nc_spm_wake_nn30.tif

13 GLCF Maryland LANDSAT data for NC region,
ftp://ftp.glcf.umiacs.umd.edu/glcf/Landsat/WRS2/p016/r035/
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# verification
gdalinfo p016r035_7t20020524_nc_spm_wake_nn30.tif

The preprocessed LANDSAT-7 band is now ready for import into the nc_spm
LOCATION with r.in.gdal. Note that the available LANDSAT scenes from
GLCF Maryland are already included in the nc_spm LOCATION (MAPSETs
PERMANENT and landsat). If you only need to cut out the image without re-
projection or if you want to change the raster format, then use gdal_translate
instead.

OGR and vector data Vector maps can be reprojected and preprocessed
using the OGR library, with the SHAPE format as default output. The pro-
gram ogrinfo can be used to report vector map metadata and ogr2ogr to
perform vector map reprojections. The general command structure is:

# list all supported formats
ogrinfo —--formats

# show vector map information (metadata)
ogrinfo [flags] [parameters] vectmap [layer [layer ...]]

# do vector map format conversion, projection assignment
# or reprojection
ogr2ogr [flags] [parameters] outvectmap invectmap [parameters]

In our OGR example, we use the North Carolina county boundaries map
from USGS provided in the SHAPE format in latitude-longitude coordinate
system (you will find it as 9.shp in the boundaries_nc_11.tar file stored
ncexternal/ directory). We prepare it for import into the nc_spm LOCATION
which requires reprojection and spatial subsetting. To display the vector map
information run:

ogrinfo —-summary 9.shp

The provided data include projection information in the 9.prj file; in case
this file was missing, you can add it using the ogr2ogr command with -a_srs
flag as we illustrate by the following example:

# create a copy ’‘testll.shp’ of map ’9.shp’

# and add projection file

ogr2ogr —a_srs ’+proj=latlong +ellps=wgs84 +datum=wgs84’ \
testll.shp 9.shp

# verification

ogrinfo —-summary testll.shp
more 9.prj

more testll.prj

When the SHAPE file set includes the projection information (file with .prj
extension) we are ready to reproject to LCC/NADS83 coordinate system as
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required for the nc_spm LOCATION. We can simultaneously cut out the region
of interest, as an example we will create a subset with county boundaries in
the Central NC. For convenience, we use the EPSG code to select the output
projection parameters. Note that it is necessary to have the NAD datum shift
files installed (see the PROJ4 web page, section “Frequently Asked Questions”
(FAQ) for details or the GRASS-Wiki). The EPSG codes are available in an
ASCII table:

e GNU/Linux and MacOS X: /usr/share/proj/epsg or
/usr/local/share/proj/epsg,
e MS-Windows: depends on the installation of PROJ4.

Alternatively, the graphical GRASS startup screen provides an EPSG code
browser. We have already identified the EPSG code for the nc_spm LOCA-
TTION as 3358 in Section 3.2 so we can perform the projection and subsetting
as follows:

# project from LatLong/Sphere to LCC/NAD83
# cut out region of interest (boundary coords. W S E N)
ogr2ogr —-t_srs ’'+init=epsg:3358’ \
-spat -79.55 35.00 -77.70 36.30 \
boundary_county_ctr 9.shp

# verification
ogrinfo —-summary 9.shp boundary_county_ctr

The command will cut out the boundaries of three counties located within
the defined region, project the coordinates and store the SHAPE file set in
a subdirectory called boundary_county_ctr. It can then be directly imported
into the nc_spm LOCATION.
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GRASS data models and data exchange

GRASS stores the georeferenced data as raster and vector maps. In this chap-
ter, we explain the basic properties of GRASS data models and their man-
agement. You will also learn how to import and export data in various raster
and vector formats; this task has been greatly simplified by a growing list of
formats supported by the GDAL/OGR libraries which make GRASS an inter-
operable GIS which are used by the import and export modules of GRASS.
An overview of data import into GRASS is given in Figure 4.1, export is
shown in Figure 4.2.

SHAPE
OGC Web Services ” GeoTIFF
WMS, WFS, ... ~
r.in.wms r.in.gdal Ro ::Jwa
VIans v|nogr Wo 13426100.1

1
2

3 |Au 433044.4
4 |erc 4664337
5 | Pkc 119344.9

\ / db.in.ogr

rin.asci ——

-

v.in.ascii Tables, CSV files
v.in.db
vexternal  — ———  y.in.garmin %
v.in.ogr v.in.gpsbabel

v.in.db

(J -

GPS

PostgreSQL
SQLite

Fig. 4.1. Data import into GRASS
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4.1 Raster data

Raster data, stored in GRASS as a matrix of values, represent either a con-
tinuous field (surface), an image, or geometric objects (points, lines, areas)
corresponding to discrete fields (Figure 4.3). For surfaces, the values in the
matrix are assigned to the center points of grid cells. They represent actual
measured or computed values, such as elevation, slope, or temperature. For
discrete fields, the values are assigned to the entire cell area and represent
category numbers.

4.1.1 GRASS 2D and 3D raster data models

A raster map is stored in GRASS as a set of files organized as follows:

e map header which includes a projection code, coordinates representing the
spatial extent of the raster map, number of rows and columns, resolution,
and information about compression;

e generic matrix of values in a compressed, portable format which depends
on the raster data type (integer, floating point or 3D grid);

e optional category file which contains text or numeric labels assigned to the
raster map categories;
optional color table;
optional timestamp, range of values, quantization rules (for floating point
maps), and null (no-data) files;

e history file which contains metadata such as the data source, the command
that was used to generate the raster map, or other information provided
by the user;

e a raster map that is a reclassification of another map includes a reclassifi-
cation table instead of a full matrix of values.

All this information is stored in the related subdirectories in the
LOCATION_NAME/MAPSET directory. In the following sections, we describe
how these components are managed and queried.

Raster data can be stored in GRASS as a 2D integer, 2D floating point
(single or double precision), or as a 3D floating point matrix of values (single
or double precision). The internal raster format is architecture independent
and portable between 32bit and 64bit machines. As a result, a GRASS data di-
rectory can be accessed in a heterogeneous network file system (NFS) without
compatibility problems. Internally, the integer format is called CELL, sin-
gle precision floating point is called FCELL, double precision floating point is
DCELL, and 3D raster is called GRID3D. The choice of the integer or floating
point data depends on the application. Their use can be described in general
as follows:

Integer raster maps (CELL type) are used for rasterized geometric objects
(points, lines, areas) represented as discrete fields and for some image
data. Each raster cell is assigned an integer value called category number.
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Fig. 4.2. Data export from GRASS

Each of the categories may have a label (usually a character string but a
number can be used as well) describing the meaning or properties of these
categories, for example, a vegetation type.

Floating point raster maps (FCELL and DCELL types) are used for contin-
uous fields such as elevation or temperature surfaces. It is possible to
label these data by defining ranges of values which can be interpreted as
categories and assigning each range a label (text or number).

3D floating point raster maps are used for raster volumes stored as a voxel
(volume pixel) data model (FCELL and DCELL type) designed to support
representation of trivariate continuous fields.

Note that continuous field data can be represented in integer format, good
examples are some older digital elevation models. This is a limitation of the
data quality and such data should be treated as continuous field representa-
tions. We will point out the related, application specific issues later in this
chapter and in Chapter 5.

GRASS also allows you to create a new raster map by re-defining the
categories in the original raster map as described in Section 5.1.7. The re-
classified map internally does not contain raster data: it only provides a table
with reclassification rules and serves as a reference to the original raster map.
Although it behaves like a regular raster map from the user’s point of view, a
few GRASS modules may not work with reclassified maps; if that is the case,
the module will report an error and suggest that the user generates a true
copy of such a raster map (see Section 5.1.5).
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Fig. 4.3. Types of raster data: a) continuous field, b) discrete areas

4.1.2 Managing regions, raster map resolution and boundaries

GRASS differs from other GIS in the way it handles region (map extent) and
resolution. While each raster map has its own spatial extent and resolution
defined in its header, the operations with raster data are performed using the
“working” (or current) region and the resolution set by the command g.region.
If the current region is smaller than the spatial extent of the raster that is being
processed, the operation is applied only to the subset of the raster file defined
by the current region. If the resolution is different, the raster is automatically
resampled (see Section 5.3.3). This approach makes raster analysis, modeling
and export very convenient and efficient. Note that the GRID RESOLUTION
defined when setting up a LOCATION is the default region resolution and will
be used only if the current region is set to the default region.

We will use our sample data set to illustrate the handling of a region and
resolution. Start GRASS with LOCATION nc_spm, MAPSET user1 and you
can check the current region spatial extent and resolution as follows:

g.region -pec
# provides the following output
projection: 99 (Lambert Conformal Conic)

zone: 0
datum: nad83
ellipsoid: a=6378137 es=0.006694380022900787
north: 228500
south: 215000
west: 630000
east: 645000
nsres: 10
ewres: 10
rOows: 1350
cols: 1500

cells: 2025000
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region north-south extent: 13500.000000
region east-west extent: 15000.000000
region center northing: 221750.000000
region center easting: 637500.000000

The reported values are in our case in meters, you can check the units using
g.proj -p. Running g.region with the flag -b allows you to print the current
region in geographic coordinates (longitude and latitude, referred to WGS84).
You can also use the command to change the resolution, for example to 15m,
and then save the current region settings as a region file myregion_15m for
future use as follows:

g.region res=15 save=myregion_15m -p

This is sometimes useful when working on different subregions within the
given LOCATION. The region can also be defined from an existing raster or
vector map, for example:

g.region rast=elevation -p

will adjust the current region according to the raster map elevation. There
are numerous additional options and their combinations for setting the region
spatial extent based on coordinate values, here we provide just two examples:

g.region n=228000 s=215500 w=632000 e=640000 -p
g.region n=s+500 e=w+500 -p

The first command sets the region by defining the coordinates for its northern,
southern, eastern and western edges, while the second example creates a small
500m x 500m subregion in the south-west corner of the current region.

If you want to reset to the default region (spatial extent coordinates and
raster resolution) of your LOCATION use the -d flag:

g.region —-dp

You can change the definition of your default region to the current region using
g.region -s, but you need to run this command from the PERMANENT
MAPSET.

It may happen, that region boundaries lead to a modified, non-integer
raster resolution. If this is not desired, the -a flag can be used to align the
region to resolution. It adjusts all four boundaries to be even multiples of the
resolution by slightly enlarging the current region. To see the effect, compare:

g.region res=15 —-dp
g.region res=15 —adp

To print the spatial extent of the 3D region use g.region -p3, you will see the
default settings representing a single layer that is 1 unit deep. To change the
3D extent to more realistic values (the vertical extent range from 0 to 200m,
with vertical resolution 1m and horizontal resolution 30m) type:
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g.region b=0 t=200 tbres=1 res3=30 -p3

Note that the output will show two horizontal resolutions and row/column
numbers (e.g., nsres: 10, nsres3: 30), the first resolution is used when
working with 2D rasters, the second (nres3) is for volumes. This allows you to
set different horizontal resolutions when working with both volumes and 2D
raster maps and to reduce the computational and memory requirements for
volume data. To print the current bounding box in latitude-longitude/ WGS84
datum, run:

g.region -bg

This is useful to verify the current projection definition.

4.1.3 Import of georeferenced raster data

When importing raster data, we need to distinguish three general raster format
types:

e ASCII raster formats, which can have integer or floating point values, both
negative and positive (e.g., ASCII-GRID, GRASS-ASCII etc.);

e Binary image formats, with positive integer values (e.g., JPG, PPM, PNG
etc.);

e Binary raster formats: with integer and floating point, negative and posi-
tive values; single and multiple bands, single and multiple resolutions (such
as ERDAS IMG, HDF, GeoTIFF etc.).

Note that not all formats handle negative and floating point values. When
obtaining data, make sure to get information about the coordinate system
(projection, datum, etc.). Many formats include this information in support
files that are used by the importing modules. All the external data that we
use in this chapter to illustrate data import are available in the subdirectory
ncexternal/ of the sample data set provided for this book at the GRASS
book web site (http://www.grassbook.org).

More than 40 different raster formats can be imported with r.in.gdal
command. It uses the GDAL library (see Section 3.3.3) which is required to
run GRASS and is included in the GRASS binary releases. The formats are
detected automatically and the coordinate system information, if available, is
compared with the current LOCATION. The supported formats include the
most common georeferenced formats such as GeoTIFF, ArcGRID, ERDAS,
USGS SDTS DEM, as well as common image formats that require manual
georeferencing, for example, PNG, GIF, JPEG.

If the file is for a region much larger than the region of interest, you
can first create a subset of the data using GDAL tools and the current region
information (as explained in Section 3.3.3) and then import the smaller, easier
to manage subset. As an example, we will cut out a subset and import the
NC 1996 land cover raster map (full size is 400MB), provided in the same
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coordinate system as we use in our nc_spm LOCATION, so no reprojection is
needed:

# set the resolution to match the data
# and get the coordinates for the current region
g.region swwake_30m res=28.5 -ap

# cut out an image subset for the current region

# with boundary coordinates W N E S

gdal_translate -projwin 630000 228500 645000 215000 \
lc96ras.img lc96ras_cut.img

import the image subset and display the raster map
.in.gdal 1lc96ras_cut.img out=landuse96_28m

.mon x0

.region rast=landuse96_28m -p

.rast landuse96_28m

0 Q QR

Note that only the raster map with category numbers is imported; you will
have to add labels describing the land use types that are provided in a sepa-
rate text file 1c96catlables.txt to the categories using r.support (see Sec-
tion 5.1.9 for details).

If your data set does not include coordinate system information (projec-
tion, datum, and units) and you are sure that it matches the coordinate system
of your LOCATION, the -o flag allows you to use the LOCATION projection
information for the imported map and override the projection match check
in r.in.gdal. This is common with data in the TIFF/TFW format that usu-
ally consist of two files: map.tif (matrix of values) and map.tfw (header with
coordinates but without projection information). Make sure to get both files
when obtaining data. We have used this option to import a 1m resolution or-
thophoto, acquired in the year 2001 for the NC Floodplain mapping program,
and provided in TIFF/TFW format for a small subarea of our test region:

g.region res=1
r.in.gdal -o IMG3720079200P20040216.tif out=ortho_2001_t792_1m
g.region rast=ortho_2001_t792_1m -p

# erase the monitor to set it to the current region and resol.
d.erase
d.rast ortho_2001_t792_1m

If the imported TIFF image consists of several bands, they are extracted as
separate raster maps into the current MAPSET. A typical example is aerial
color images delivered in RGB (red, green, blue) channels. GeoTIFF format is
easier to import as it includes projection information and one or several raster
maps in a single file. You can automatically extend the LOCATION default
region given in the DEFAULT_WIND file based on an imported data set that
covers a larger area using r.in.gdal -e. Import preparation of multispectral
satellite data is explained in Section 8.1.2.
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Generating a new LOCATION from an external raster map The
module r.in.gdal provides an additional, very useful functionality by auto-
matically generating a LOCATION from an external raster data set. For this
purpose, it has to be run within another LOCATION (this LOCATION can be
completely unrelated to the imported data and its setting won’t be affected
by r.in.gdal execution). For example, you can import a new 30m Shuttle
Radar Topographic Mapping (SRTM) Digital Surface Model (DSM) for our
area, provided as ArcGRID coverage 88123760 in a SRTM_30m_11.zip file! in
geographic coordinate system (WGS84 datum), and at the same time create a
new LOCATION mync_112 that is defined with the parameter location. The
projection information is taken from the input data set, in our case stored in
the file 88123760/prj.adf. To import the SRTM Digital Surface Model, run
the r.in.gdal command from the current nc_spm LOCATION:

unzip SRTM_30m_11l.zip
cd 88123760/
r.in.gdal 88123760 location=mync_112 output=srtm_30m_11

To display the imported SRTM DSM, start GRASS with the new mync_112
LOCATION, MAPSET PERMANENT. You should see your imported raster
map srtm_30m_11 when you run g.list rast and you can check the coordi-
nate system using g.proj -p. The region is automatically set to the imported
raster map, so you can open your GRASS monitor using d.mon x0 and display
the map using d.rast srtm_30m_11.

Generally, if no projection information is present, the new LOCATION will
be set up without the coordinate system definitions. The module g.setproj
can then be used within the new LOCATION to define the projection infor-
mation. Be careful to use g.setproj only in a new LOCATION because it
will overwrite your existing projection definition and units files! Note that
the module does not perform any coordinate transformation of data (see Sec-
tion 3.3 to learn how to do that).

Import of ASCII raster files You can import the GRASS ASCII raster
format using r.in.ascii. The input file must include a header followed by a
matrix of values with the first line starting at the NW corner and the last line
ending at the SE corner. You can try it out within the nc_spm LOCATION
as follows:

create ASCII raster file by exporting the
elevation map at 30m resolution

.region res=30 -p

.out.ascii elevation > elevation.asc

K Q = W

L NC 1 arcsec (30m) LatLong/WGS84 SRTM DEM V1 ArcGRID coverage file,
section “Data 3rd Edition”, http://www.grassbook.org


http://www.grassbook.org
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# check the header and import the file
head elevation.asc
r.in.ascii elevation.asc out=myelev_30m

You can define null values, type (integer, float) and multiplier in the ASCII
raster file header (see the manual page for more details). The r.in.ascii
module can be also used to import SURFER ASCII grid file, by running it
with the -s flag. The ARC/INFO ASCII GRID format can be imported by
r.in.gdal. Data in this format sometimes have an associated .prj file with
projection information. If not available, you can use the -o flag to override
the projection check and use the projection definition from the current LO-
CATION.

Raster maps can be directly created from dense point data produced, for
example, by lidar or sidescan sonar and provided in the ASCII format as a set
of (z,y,7) coordinates (see more about lidar in Section 6.9). You can use the
module r.in.xyz to create raster maps from point data by computing various
statistics using the points located within each cell, a procedure often called
binning. You can compute raster maps that represent the number of points
located in each cell, range of values in each cell, or compute a DEM using
a mean elevation value, as shown in our example for the bare ground lidar
elevation data for a small subarea in our sample data set (the input ASCII file
produced by the NC Flood Mapping Program BE3720079200WC20020829m. txt
is available in the subdirectory ncexternal/ of the data set provided at the
GRASS book site):

# set the region extent using the related airphoto but set to
# lower resolution to have several points per grid cell
g.region rast=ortho_2001_t792_1m res=10 -p

# compute a raster map representing number of points per cell

r.in.xyz BE3720079200WC20020829m.txt out=lidar_792_binnlOm \
meth=n

d.rast lidar_792 _binnlOm

# compute a raster map representing mean elevation for each cell

r.in.xyz BE3720079200WC20020829m.txt out=lidar_792_binmeanlOm \
meth=mean

d.rast lidar_792_binmeanlOm

You will learn more about the point cloud data analysis using the r.in.xyz
command in Section 6.9.

Raster map representing areas, lines or points can be created from given
coordinates by r.in.poly. The module accepts text files containing coordinate
pairs with labels. Either raster area (“A”) or raster line (“L”) type can be
specified. As an example, we use a single area represented by its boundary
coordinates stored in a text file newfacility.txt:
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A

638656.00 220611.00
638796.00 220609.00
638799.00 220520.00
638653.00 220519.00
638653.00 220609.00
= 1 facility

The last line in the file defines the category number and a label for the area.
To define the imported raster extent and resolution it is important to set the
current region: we use a pre-defined rural sub-area at 1m resolution stored in
a region file rural_im. Then we import the ASCII file with r.in.poly and
display it on top of a previously imported aerial imagery:

# list available regions and set the current region
g.list region
g.region rural_lm -p

import and display the data

.in.poly in=newfacility.txt out=newfacility_1lm
.info newfacility_1lm

.erase

.rast ortho_2001_t792_1m

.rast -o newfacility_1m

QO QO 0O K K =

The resulting raster map newfacility_1im contains the desired area labeled as
“1 facility”.

Import MrSID files High resolution imagery data are often distributed in
the proprietary MrSID format. To import this format using r.in.gdal, the
GDAL library has to be compiled with MrSID support after downloading the
necessary Software Development Kit (SDK). Alternatively, you can convert
the file to GeoTIFF using the proprietary converter mrsidgeodecode as we
show for a TIFF file available in ncexternal/:

mrsidgeodecode —-i lkwheed.sid -o geotifflkwheed.tif -of tifg
# verification
gdalinfo geotifflkwheed.tif

flag -o since projection info is missing but the map matches
.in.gdal geotifflkwheed4.tif out=orthoIR1998 -o

.region rast=orthoIR1998.blue -p

.erase

.rgb b=orthoIR1998.blue g=orthoIR1998.green r=orthoIR1998.red

Q 0O KB =

The resulting image is a 1998 infrared Digital Orthoimagery Quarter Quad-
rangles (DOQQ) at 1m resolution.
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Import binary arrays and raster formats not supported by GDAL
The module r.in.bin reads numerous binary array grids such as GTOPO30
DEM (worldwide elevation data at 30 arc-seconds resolution provided by
USGS), Etopo-2 DEM (worldwide elevation data at 2 arc-minutes resolu-
tion), Globe DEM (worldwide elevation data at 30 arc-seconds resolution, pro-
vided by NOAA), BIL, AVHRR (Advanced Very High Resolution Radiome-
ter), and GMT (Generic Mapping Tool). Please refer to the related manual
page (g.manual r.in.bin) for encoding details. Many of these formats are
much easier to import using r.in.gdal, but we include a few examples? of
import into mync_11 for comparison (see ncexternal/ subdirectory for sam-
ple data). To avoid reading the GTOPO30 data incorrectly, you can add a
new line PIXELTYPE SIGNEDINT in the .HDR to force interpretation of the file as
signed rather than unsigned integers. For this, open the W100N40.DEM in a text
file. Open GRASS in mync_11 LOCATION and import the data as follows:

# extract and import GTOPO30 DEM
tar —-xvzf GTOPOwl00On40.tar.gz

# edit W100N40.DEM as described above, then import
r.in.gdal W100N40.DEM out=gtopo30_usa
g.region rast=gtopo30_usa -p

# check range for strange maximum value
.info -r gtopo30_usa

min=1

max=6710

.colors gtopo30_usa col=terrain

.mon x0

.erase

.rast gtopo30_usa

-

0 0 o R

alternative import method

note: add "anull=-9999’ to set the sea level to NULL

r.in.bin -sb input=W100N40.DEM out=gtopo30_usa2 bytes=2 \
north=40 south=-10 east=-60 west=-100 \
r=6000 c=4800 anull=-9999

r.info -r gtopo30_usa?2

r.colors gtopo30_usa2 col=terrain

d.rast gtopo30_usa2

+H= =

As another example, we import ETOPO2v2 DEM data:3

# import ETOPO2v2 DEM for entire NC - includes bathymetry
r.in.bin NCETOP02_4604.g98 out=ncetopo_2min bytes=2 \
north=38 south=32 east=-72 west=-85 r=180 c=390

2 GTOPO30 tile covering North Carolina,
http://edc.usgs.gov/products/elevation/gtopo30/wi00n40.html
3 ETOPO2v2 DEM data Web site,

http://www.ngdc.noaa.gov/mgg/fliers/06mgg0Ol.html


http://edc.usgs.gov/products/elevation/gtopo30/w100n40.html
http://www.ngdc.noaa.gov/mgg/fliers/06mgg01.html
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r.colors ncetopo_2min col=terrain

# import a GMT type 1 (float) binary array (use -b to
# swap bytes if needed)
r.in.bin -hf input=your_map.grd out=gmtmap

GRASS includes several modules for importing raster maps in specialized
formats that are not currently supported by GDAL. These include gridatb
files formatted for TOPMODEL supported by the module r.in.gridatb,
MATLAB files by r.in.mat, and SRTM HGT files from the NASA server
by r.in.srtm. The module r.in.aster performs rectification, georeferencing
and import of ASTER imagery, it requires compilation of GDAL with HDF
support.

Import raster data directly from Web Sources GRASS 6 supports di-
rect download of raster data from Open Geospatial Consortium’s Web Map
Service (OGC WMS) compliant Web servers by the module r.in.wms. The
module downloads the requested data layers from the given map server for
the current or given region, reprojects them and patches the tiles together.
You can use it, for example, to download a USGS Digital Raster Graphics
file (digitized topographic map) from MS Terraserver into the nc_spm LOCA-
TION:

# list available layers
r.in.wms -1 output=terraserver-drg \
mapserver=http://terraserver.microsoft.com/ogccapabilities.ashx

g.region rural_lm -p

r.in.wms output=terraserver-drg \
mapserver=http://terraserver.microsoft.com/ogcmap6.ashx \
layers=DRG region=rural_1lm format=tiff

Note that to run this module you need to have several standard Unix and
Web tools installed, such as wget, sed, grep, see the manual page for more
details.

To download LANDSAT pseudo-color pan-sharpened map (15m) into the
nc_spm LOCATION, run:

# enforce 15m resolution

g.region swwake_30m res=15 -p

r.in.wms layers=global_mosaic \
mapserver=http://wms. jpl.nasa.gov/wms.cgi \
output=wms_global_mosaic_nc

.erase

.rast wms_global_mosaic_nc

.vect roadsmajor col=yellow

.barscale at=0.0,0.0 tcol=white bcol=none

0 0 0 9
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# visualize in NVIZ (set its viewing resolution to 1)
nviz elevation col=wms_global_mosaic_nc vect=roadsmajor

Figure 4.4 shows the resulting map in the GRASS monitor.

Import of raster data without ancillary georeferencing files 1If you
obtain a raster map in a common format such as TIFF, but without the
related TFW file, you can update the geocoding manually. Of course, you
have to get the related georeference information from the data provider. You
can import the map by overriding the projection check with r.in.gdal -o.
The lower left corner coordinates of the imported map will be at the origin of
the LOCATION coordinate system, which is usually outside the study area
and when you try to display the imported map you often don’t see anything
because the map is outside the current region. To include the georeferencing
information the imported raster map header needs to be modified using the
module r.region, in our case, we use the header information (spatial extent)
of another raster map which perfectly matches our imported map:

r.in.gdal -o NonGeoIMG792.tif out=NonGeoIMG792
r.info NonGeoIMG792
[...]

Projection: Lambert Conformal Conic (zone 0)

N: 3048 S: 0 Res: 1
E: 3048 W: 0 Res:
Range of data: min = 53 max = 188

Fig. 4.4. LANDSAT pseudo-color pan-sharpened map of South-West Wake County
(NC) imported from JPL/NASA WMS (northern part of map shown)
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If you use d.rast NonGeoIMG792 nothing will be displayed. In this case the
map header needs to be modified:

r.region NonGeoIMG792 rast=ortho_2001_t792_1m
r.info NonGeoIMG792
[...]

Projection: Lambert Conformal Conic (zone 0)

N: 222504 S: 219456 Res: 1
E: 640081 W: 637033 Res: 1
Range of data: min = 53 max = 188

d.rast NonGeoIMG792

You can also use a vector map, a named region, a 3dview file or coordinate
values to define the missing spatial extent of the imported map. Alternatively,
the header can be modified using r.support. After starting it, specify the map
name and go through the following dialog:

1. “Edit the header?” <y>. Rows and columns can be checked now. The values
should be correct.

2. Pressing <ESC><ENTER> changes into the coordinates menu which looks
similar to the LOCATION definition screen.

3. Now you have to update the boundary coordinates. Enter the correct
coordinates and GRID RESOLUTION for this map by moving around
with the cursor keys. Afterward hit <ESC><ENTER> to proceed.

4. The additional questions can be skipped with <ENTER>.

Then you can use the r.support module to assign labels for the raster map
categories, add the map title, or change the color table, see Section 5.1.9 for
details.

Import of 3D raster data (voxel) You can import 3D ASCII raster data
in GRASS format using r3.in.ascii, see the manual page for the format
description. You can also create a volume raster model based on 2D raster
data by converting 2D raster slices into 3D raster or a 3D volume map based
on 2D elevation and value raster maps, see examples in the volume data
processing section in Section 5.6.

4.1.4 Import and geocoding of a scanned historical map

In this section, we explain rectification and georeferencing of a scanned map
(e.g. a historical map). For this procedure, it is important to understand the
relation between on ground distance, scale and spatial extent. This general
cartographical relation is also needed when transforming a hardcopy map
into a digital map. When scanning maps, keep in mind the proper handling
of copyright restrictions.
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Determining the scanning parameters The relationship between the
distance on the ground and the corresponding length of a raster cell is deter-
mined by the scanning resolution. When working with toposheets, scanning
resolution between 150 and 300dpi is recommended. Of course, the text labels
on the map should stay readable. Depending on the number of colors in the
map, the image can be scanned as color image with 256 colors. Assuming a
scanning resolution of 300dpi, we first calculate its equivalent in centimeters:

lines lines
=118.11
2.54cm cm

Suppose that the scale of the scanned map is 1:25,000. Thus, one centimeter
on the map is equivalent to 25,000cm on the ground. Now we can calculate
the on-ground distance that corresponds to the length of a raster cell:

300dpi = 300 (4.1)

distance on the ground  25,000cm cm

= 211.6

m
= =212— 4.2
scanned lines per cm 118.11lines line line (4.2)
The resulting value of 2.12m is the spatial resolution of the scanned map at
the 300dpi scan resolution. If you want the spatial resolution to be an integer,

do the inverse calculation and adjust the scanning resolution accordingly.

Geocoding of scanned maps After scanning the map, store it in a file. If
needed, you can convert it to a GRASS supported format using gimp, display
(ImageMagick package) or xv which are available for many operating systems,
as well as the netpbm tools* which can be run on command line. General
procedure for geocoding a scanned map has the following five steps:

e create or use an existing xy LOCATION and import the map into it using
r.in.gdal -e;
e restart GRASS with the projected LOCATION. If GIS manager did not
open, start it with gis.m. Display reference map(s);
e from the menu, launch File ~» Georectify which opens a convenient graph-
ical user interface to the geocoding tools:
— select the map type you want to geocode (raster or vector map);
— select a source LOCATION/MAPSET (usually the xy LOCATION);
— add the map(s) to a group if not done by r.in.gdal import (internally
launches i.group and i.target);
— select the group;
— select the unreferenced map to display for interactive georectification
(normally a raster in the group you want to georectify);
— start searching for ground control point in both the unreferenced and
the reference map (internally launches i.points);
— rectify the unreferenced map into the target LOCATION (internally
launches i.rectify).

4 Netpbm tools, http://sourceforge.net/projects/netpbm/
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This task is using image processing tools for geocoding.

As an example, we geocode a “historical” city map of Raleigh (original
scale 1:62,500) from the U.S. Geological Survey 1951°. First, start GRASS
with the nc_spm LOCATION and import the scanned map by r.in.gdal into
the new xy LOCATION:

g.region n=232700 s=220400 w=632100 e=648700 res=10 -p
r.in.gdal -e raleigh_nc_1951.jpg location=nc_xy \
out=raleigh_nc_1951

The command will create the new LOCATION nc_xy. The flag -e automati-
cally ensures that the new xy LOCATION has a region large enough for the
imported map.

Make sure that the GIS manager gis.m is running. The first step is to
display reference maps, for example streets_wake and lakes vector maps
(use the Add vector layer icon, the maps are actually displayed by clicking on
the Display active layers button in the Map Display 1 window). Zoom to the
city center of Raleigh (approximately centered at 642700, 225400 NC State
Plane coordinates) or to the current region using the Zoom to button. Choose
blue color filling for the lakes and redraw the map display.

Next we set up the map(s) to geocode. From the menu of the GIS man-
ager gis.m, launch File ~ Georectify for the geocoding tools. For 1. Select
mapset, we select through the file manager LOCATION nc_xy and therein
MAPSET PERMANENT (the latter will be shown in the selection field). Then
we use 2. Create/Edit group just to verify, that r.in.gdal created the group
raleigh_nc_1951. We select this existing group in 3. Select group. With 4. Se-
lect map, we choose one of the color channels, e.g. raleigh_nc_1951.blue. Now
we are ready to search ground control points (GCPs) in both the reference
maps and the unreferenced maps by clicking on 5. Start georectifying. You can
zoom in both maps using the zoom tool in each map display and set GCPs
by activating the GCP icon (in the georeferenced map display window you
have to activate the Pointer icon to set a point there). The GCP coordinates
are automatically added to the Manage ground control points (GCPs) window
table. To set additional points, always click into a new table row. Finding
common points is not very easy, it may be best to search a lake and then
pan within the maps. To make it easier we have added a map with suggested
GCPs to the book’s Web site. Once you have sufficient and well distributed
GCPs, you can calculate a RMS error.% It should not be larger than half of the
true resolution of the scanned map as we have calculated above. The overall
RMS error is computed from the errors for individual matching points. If it is
too large, you can delete a point from the GCPs table (toggle the checkbox to

5 City map of Raleigh 1951 download,
http://www.lib.utexas.edu/maps/north_carolina.html

5 The RMS error is computed from the distance of the set matching point towards
the accurately placed matching point. It is calculated as:

rms = /(2 = Torig)? + (¥ — Yorig)?
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switch a point on and off) and select a new point. Once sufficient GCPs are
selected and assigned properly, leave i.points, by clicking on the disk icon in
the GCPs table and the points will be saved.

Finally, we perform the transformation of the unreferenced map. We select
a 1st order polynomial (as “order of transformation”) since we don’t expect too
many spatial distortions. This will perform linear transformation (stretching
and rotating). To start the transformation, click on the Rectify maps in group
icon. Internally, the module i.rectify is launched to transform the map. This
may require some time, depending on map size, resolution, and hardware,
but you can run it in background and continue working with GRASS. After
the transformation has finished, you can look at the new map in the target
LOCATION and add it to the GIS manager map list for display. All three
bands (red,green,blue) were geocoded and to create a map with the original
colors, you can run r.composite. The above described procedure can also be
used for georeferencing vector maps.

4.1.5 Raster data export

GRASS raster data can be exported to more than 20 formats using
r.out.gdal. In addition, there is a set of export modules designed for spe-
cific formats, most of them were already mentioned in the import sec-
tion: GRASS ASCII (r.out.ascii), ARC/INFO ASCII GRID (r.out.arc),
BIL (r.out.bil), BINARY ARRAY (r.out.bin), PPM (r.out.ppm), MPEG
(r.out.mpeg), TIFF (r.out.tiff), Matlab’s MAT (r.out.mat), Topmodel’s
GRIDATB (r.out.gridatb).

As mentioned above, only the portion of the map that falls within the
current region will be exported. The export modules can be used on com-
mand line as well as interactively with menus. Several export modules, such
as r.out.ascii or r.out.ppm can be used with UNIX piping, i.e. redirecting
the data stream to another module, as illustrated by the following example
that creates an 8 bit GIF image:

r.out.ppm elevation out=- | ppmquant 256 | ppmtogif > elev.gif

The result of r.out.ppm is directly sent to ppmquant to quantize the elevation
categories to 8 bit (256 colors), and then to ppmtogif. The data transfer is
done through “standard output” (stdout) indicated by - (dash). The GIF data
stream resulting from ppmtogif is written to the elev.gif file. The produced
GIF file is stored into the current directory.

Several commands support export of GRASS raster data for external vi-
sualization tools, for example, r.out.pov exports elevation file into a height
field in Targa (TGA) format that can be used with the Persistence of Vision
(POV) raytracer’” and r.out.vtk, r3.out.vtk export the 2D and 3D raster

" POV-Ray Web site, http://www.povray.org
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data as VTK-ASCII file that can be used for visualization with Paraview or
MayaVi®. You will learn more about these options in the visualization chapter.

Ezxport to XYZ ASCII format A common format for raster data ex-
change is the plain XYZ ASCII format (i.e. x, y coordinates with the z value or
category number). Unlike the GRASS ASCII raster export with r.out.ascii
and r3.out.ascii (which exports the data as an ASCII matrix), the following
command produces a file with one line for each cell, each line containing three
columns (easting, northing, z):

r.out.xyz elev_ned_30m out=elev_ned_30m_xyz

To export category labels (attributes of the raster cell, if they are numerical)
instead of category values or floating values, you can use r.stats with the
following flags:

r.stats -11lg landuse96_28m nv="-9999" > luse96_28m.asc

more luse96_28m.asc

629994.2531 228513 18 Mixed Hardwoods/Conifers
630022.7531 228513 18 Mixed Hardwoods/Conifers
630051.2531 228513 15 Southern Yellow Pine

[...]

The optional nv parameter will replace the NULL value with a different char-
acter or string, in our case -9999.

4.2 Vector data

Point, line, area and 3D features can be represented in GRASS by a vector
data model. It stores the feature’s geometry, topology, and attributes. Differ-
ent vector object types are used to store points (vector points), lines (vector
lines), and polygons (called vector areas). GRASS 6 has a topological vec-
tor data support that includes attribute management handled by a database
management system. Old vector and site data in the pre-GRASS 6 formats
must be converted into the new format using v.convert for vector data and
v.in.sites for old site data.

4.2.1 GRASS vector data model

Vector geometry GRASS stores vector data geometry using vector object
types (graphic elements or primitives) such as a point, line, area boundary,
and centroid (label point for an area). Points defining a line are called vertices,
end points of a vector line are special vertices called nodes (see Figure 4.5).

8 Paraview Web site, http://www.paraview.org
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/ nodes\ vertices — >

vertices node line

centroid

vector line vector area

Fig. 4.5. Vector types in GIS: vector line and vector area

Vector lines are represented as a directed sequence of points and may consist
of a single line (arc) or multiple connected lines (polylines). A closed ring of
line segments defines an area boundary; an area boundary with a centroid
inside defines a vector area. An area inside an area is called island. A 3D area
is called face. Point data are represented as nodes that are not connected.

In GRASS 6, the following vector object types are defined:

point: a point;

line: a directed sequence of connected vertices with two endpoints called
nodes;

boundary: the border line to describe an area;

centroid: a point within a closed boundary;

area: the topological composition of centroid and boundary;

face: a 3D area (see Fig. 4.6);

kernel: a 3D centroid in a volume (not yet used in GRASS 6);

volume: a 3D corpus, the topological composition of faces and kernel (not
yet used in GRASS 6).

Note that all lines and boundaries can be polylines (with nodes in be-

tween). Conversion between several vector types is possible. Vector data are
stored in a portable way in the GRASS DATABASE so that they can be
exchanged directly across different platforms and architectures.

GRASS vector data map is stored in several separate files. The geometry

part comprises:

vector map ASCII header with information about the map creation (date
and name), its scale and threshold;

binary geometry file which includes the coordinates of graphic elements
(primitives) that define the vector feature;

binary topology file describes the spatial relationships between the map’s
graphic elements;

history ASCII file with complete commands that were used to create the
vector map, as well as the name and date/time of the map creation;



FOR REFERENCE PURPOSES ONLY

72 4 GRASS data models and data exchange

x

A ==

Eie Appeanince Viualize Senpling ey

DRA%W Cloar Cancal

Automatically render displry: W
Show testures: Wi eskes,. — | Decorsoms.

Viewmelhod: % age < certer o flynone —

no | oo |

< disalay fal
constanth11 0658

al

Fig. 4.6. Mobius strip visualization to illustrate the 3D vector faces capabilities of
GRASS 6 (imported from 3D DXF)

e Dbinary category index file which is used to link the vector object IDs to
the attribute table rows;

e ASCII file which contains link definition(s) to attribute storage in database
(DBMS): table name, database, key column and more are defined here.

Topology The GRASS vector data model includes topology describing spa-
tial relations between the graphic elements that define the feature location
and geometry. GIS topology describes the spatial relationships between con-
necting or adjacent geographic components. With topological information, it
is possible to efficiently perform the following tasks (Bartelme, 1995; Curtin,
2007):

find neighborhood relationships between objects;

analyze if one object contains another object (island areas);
find intersections of objects;

analyze vicinity of two objects;

perform vector network analysis based on graph theory.

In a topological GIS like GRASS, a valid common border between two adjacent
areas is stored only once and is shared between these two areas. Also shared
nodes do not have to be duplicated. In a non-topological GIS this border
would be digitized and stored twice. Topological representation of vector data
helps to produce and maintain vector maps with clean geometry and supports
certain analyses that can not be conducted with non-topological or spaghetti
data. In GRASS, topological data are refered to as level 2 data and data
without the built topology is referred to as level 1.

Sometimes topology is not necessary and the additional memory and space
requirements are burdensome to a particular task. Therefore a few modules
allow us to work directly on level 1 (non-topological), especially for import
and processing of large point data sets (e.g., as with lidar data). Point data
without attributes can be imported without topology but the support is then
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rather limited, we will discuss this issue in more detail in the following vector
data import section. Most vector modules require level 2 that is needed to
build spatial index for efficient vector data processing.

Detailed rules for digitizing vector data in a topological GIS are given in the
digitizing section 6.3.1. For discussions on general computational geometry, see
the book of O’Rourke (1998).

Attributes in DBMS

Vector points, lines and areas usually have attribute data that are stored in
DBMS. The attributes are linked to each vector object using a category num-
ber (attribute ID, usually the “cat” integer column). The category numbers
are stored both in the vector geometry and the attribute table. The category
numbers can be printed or maintained using v.category.

A vector object can have zero to several categories. The vector objects can
be linked to one or more attribute tables, each link to a distinct attribute
table represents a vector data “layer”. For example, multiple layers can be
used to link the vector objects with multitemporal attributes, with each layer
representing a single time snapshot. Multiple layers are also useful for integra-
tion of thematically distinct but spatially related vector objects. In this case,
each table represents attributes only for objects with a given theme, creating
thus separate layers for each theme. Although the layers make combination
of points, lines and areas in a single vector map possible, it is generally rec-
ommended to store different vector types in separate vector maps. The first
layer is active by default, i.e. the first table corresponds to the first layer.
Additional tables are linked to subsequent layers. Map layers can be listed or
maintained using v.db.connect.

The default database driver used by GRASS 6 is DBF. It provides only
limited Structured Query Language (SQL) support; therefore other DBMS are
commonly used, for example, PostgreSQL, MySQL, or SQLite. By introduc-
ing the full DBMS support, GRASS 6 handles multiattribute vector data by
default. The db.* set of commands provides basic SQL support for attribute
management, while the v.db.* set of commands operates on the vector map.

4.2.2 Import of vector data

GIS vector data are available in many different formats. There is no single
standard available but some formats, such as ESRI SHAPE, are widely used
for vector data exchange. Because of the complex data structure, exchange of
vector data is often more complicated than for raster data. In GRASS 6, the
import has been greatly simplified by introduction of the v.in.ogr module, a
vector analog to r.in.gdal.

If you just want to display external vector data provided in any of the
OGR? (OGR is part of the GDAL library) supported formats along with

® OCGR library, http://wuw.gdal.org/ogr/
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your GRASS data you can link these data into your MAPSET by running
v.external command, for example:

# make sure that we have the right region set
g.region swwake_10m -p

# unzip the SHAPE data and link them to GRASS from curr. dir.
unzip geod_pts_spm.zip

v.external dsn=. layer=gdc output=ext_geodetic_pts

d.vect ext_geodetic_pts

It is important to know that the linked data are “read-only” and that they use
the OGR/OGC simple feature model that does not include topology (some
GRASS modules may not work properly with such data). It is therefore rec-
ommended to import the data into native GRASS vector format if operations
beyond data viewing are performed.

Many common vector data formats, such as SHAPE, Arc/Info Cover-
age, MapInfo, DGN, SDTS, PostGIS, or TIGER can be imported using the
v.in.ogr module (see its manual page for a complete, up-to-date list of sup-
ported formats). It provides options for importing subsets of the original vec-
tor data by defining the desired spatial extent, minimum area or data with
certain attribute values defined by SQL statement. For example, we can im-
port a subset of statewide soil map data provided as a SHAPE file set in the
current directory that covers only our study area as follows:

# get the coordinates of the study region
g.region swwake_10m -p

# import the NC state soil data associations from a SHAPE file

clipped to the current region (W,S,E,N)

.in.ogr gslnc.shp out=soils_nc \
spatial=630000,215000,645000,228500

4=

<

check the imported data, there will be only two associations
.info soils_nc

.info -c soils_nc

.vect soils_nc

Q< <

Topology is built automatically for each imported data set. Note that in the
GRASS 6 implementation topology building for large data sets requires sub-
stantial memory and disk space so it may be necessary to split large vector
data sets into subregions when importing. Attribute data for SHAPE files are
stored by default in a DBF database (or you change the DBMS settings, see
Section 6.2.1 for details).

If you observe that polygons are not built correctly (overlapping areas,
area without category due to lost centroids, etc.), use the snap parameter
of v.in.ogr to polish the topology while importing. This snapping thresh-
old for boundaries must be selected with care depending on the scale of the
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vector map. Additionally, min_area can be used to suppress small areas by
defining the minimum size of an area to be imported (given in square map
units). Smaller areas and islands will be ignored then. The value should be
greater than the square of the snapping threshold. Snapping problems often
occur when importing “Simple Features” data like SHAPE files that were not
generated in a topological GIS. Such data sometimes contain gaps or slivers
which need to be corrected. If the topology is still not built without problems,
use the advanced tools of v.clean to polish it or manually edit the map with
v.digit. More examples of vector data import are described in the manual
page for v.in.ogr. See Section 6.5 for details on cleaning topology.

Vector data in the ESRI E00 format are imported with v.in.e00. It re-
quires the avcimport and e00Oconv programs to be installed.!? The E00 format
is preferred to the SHAPE files because it includes projection information
and keeps better data structure; however, it is much less common because of
its complexity. The import module re-builds the topology and stores the at-
tributes in a database table. The module can read EQO files from any directory.
If no path is specified, the current directory is used.

You can generate a vector area map that represents the rectangle defining
the current region as follows:

v.in.region out=myregion
d.vect myregion

The resulting vector map can be used for clipping subsets of your vector data
for a given region using the vector overlay tools. MATLAB vector data can
be imported using the command v.in.mapgen.

Import of GRASS ASCII vector files and ASCII point data The
standard GRASS ASCII vector maps are usually generated by v.out.ascii,
manually or by custom applications, and can include all supported vec-
tor objects (points, lines, boundaries, etc.). We can modify the text file
newfacility.txt (used in the raster ASCII import example in Section 4.1.3
and provided in ncexternal/) to GRASS ASCII vector format by modifying
a line indicating the vector object type (primitive). We use B for boundary
rather than A for area, followed by 5 for number of points and 1 for a sin-
gle category. Then we include the coordinates of the boundary and the layer
number and the category ID on the last line:

B51

638656.00 220611.00
638796.00 220609.00
638799.00 220520.00
638653.00 220519.00
638653.00 220609.00
11

10 AVCTools Web site: http://avce00.maptools.org
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We save the file as newfacility.asc and then convert it to a GRASS binary
vector map using v.in.ascii (the -n flag indicates that the ASCII file does
not include the standard vector map header):

g.region rural_lm -p
v.in.ascii -n input=newfacility.asc out=my_facility \
format=standard

display the imported map over orthophoto
.erase

.rast ortho_2001_t792_1m

.vect my_facility col=red

Q 0 0O #*

You can learn more about GRASS ASCII format by exporting different types
of GRASS vector maps (points, lines, areas) using v.out.ascii and then
exploring the result (see more in the next section).

Point data in ASCII format can be imported using v.in.ascii. For exam-
ple, you can import the bare earth lidar point data provided as x,y,z text file
(find the data within ncexternal/) as follows:

v.in.ascii —-ztb BE3720079200WC20020829m.txt out=mylidar_pts \
x=1 y=2 z=3

set the region to imported data to see all of them
.region vect=mylidar_pts -p

.erase

.rast ortho_2001_t792_1m

.vect mylidar_pts siz=1 col=yellow

0 0 0 W =*

The flags mean that the data will be imported as 3D vector (-z), without
creating an attribute table as there is no attribute (-t) and no topology will
be built (-b). Without topology the data can only be displayed by d.vect or
interpolated by v.surf.rst, so if you want to do more, you either need to skip
the relevant flag or build topology after the file is imported using v.build (as
we have mentioned, this may be problematic for large data sets with millions
of points).

Another common example of ASCII point data are the data exported from
a spreadsheet as a comma separated variable (.csv) file. Such data can be
easily imported by v.in.ascii whith the separator parameter set to fs=",".
The manual page for v.in.ascii includes many excellent examples of various
vector ASCII data imports, including tips for generating such data.

Import of GPS, Gazetteer and DBMS point data Waypoints, routes
and tracks can be directly imported from a GPS device or a text file using
commands v.in.garmin or v.in.gpsbabel. Both commands work in a simi-
lar way, the first is using gpstrans to convert the data and the second one
is based on gpsbabel. Both modules automatically project the data in geo-
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graphic coordinates to the current coordinate system unless you use flag -k.
For example, to read GPS tracks from a USB connected Garmin device, run

v.in.gpsbabel -t in=/dev/ttyUSBO format=garmin output=mytracks

Depending on the number of waypoints, lengths of tracks or routes, the data
transfer can take some time. You can learn more in Section 10.3.

US-NGA GEOnet Names Server'! (GNS) country files can be imported as
GRASS vector point data using v.in.gns. The data include geographic and
UTM coordinates, so you need to import them into a lat-long LOCATION
such as our nc_11 and then project into State Plane from nc_spm using v.proj:

# open GRASS in nc_11 LOCATION and run
v.in.gns nc_names.txt vect=nc_names_11

Ers

open GRASS in nc_spm LOCATION and project
v.proj nc_names_l1l out=nc_names locat=nc_1l1 mapset=PERMANENT

g.region vect=nc_names -p
d.erase
d.vect nc_names displ=shapes,attr attrcol=Feature_Name size=3

You can also import vector point data stored in a database system using the
module v.in.db, and select a subset to be imported using a category column
name and SQL query.

Import of DXF files GRASS supports import and export of 2D and 3D
multiple layer vector maps in DXF format. As an example we show import of
a DXF vector map with multiple layers representing map planimetry (roads,
building footprints, fences, etc.) The DXF data can be imported as a vector
map with a single layer that will include all DXF layers (useful for a preview of
what is in the file, but difficult to work with) or you can choose only selected
layers, as in the following example run from the nc_spf LOCATION:

# set region to the small rural area and display airphoto
.region rast=IMG_airBW_79200WC_3ft -p

g
d.rast IMG_airBW_79200WC_3ft

Ers

list available layers
v.in.dxf -1 P079216.DXF

s

import all layers as one map
.in.dxf -1 P079216.DXF
d.vect P079216

<

11 US-NGA GEOnet Names Server, http://earth-info.nga.mil/gns/html/
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# import only the layers with buildings
v.in.dxf P079216.DXF out=buildings79216 \

layer=BLDG_COMMER_BL, BLDG_RESID_BL
d.vect buildings79216 col=red

To reproject these local government data provided in State Plane coordinate
system, units feet into our sample data set in State Plane system, units me-
ters, open GRASS with nc_spm LOCATION and use v.proj to reproject the
imported DXF layers.

DXF polyface meshes can be imported as 3D wireframe using flag -f (with-
out flag it will be imported as vector faces type):

v.in.dxf -f building.dxf out=building_wire

Buildings and other 3D vector features can be visualized using the module
nviz that we will describe in detail in the visualization chapter 7.

Import vector data directly from Web Sources GRASS 6 supports
direct download of vector (feature) data from Open Geospatial Consortium’s
Web Feature Service (OGC WFS) compliant Web servers using v.in.wfs. As
an example, we download the registered GRASS users from the community
mapserver portal (run command in latitude-longitude LOCATION nc_11):

# enter URL in single row
v.in.wfs \
wifs="http://mapserver.gdf-hannover.de/cgi-bin/\
grassuserwfs?REQUEST=GetFeature& SERVICE=WFS&VERSION=1.0.0" \
out=grass_users
v.db.select grass_users \
where="name ~ ’"Helena’ OR name ~ ’'Markus’"
cat |ogc_fid|name|company
467|142 |Helena Mitasova|NCSU
636|2|Markus Neteler|ITC-irst (Povo)
[...]

The WEFS request downloads a XML file from the WFS server which is then
converted into a GRASS vector map with attribute table.

4.2.3 Coordinate transformation for xy CAD drawings

CAD drawings, usually provided in the DXF format, are sometimes delivered
in non-georeferenced xy coordinates. To use them along with other GIS data,
these coordinates have to be transformed to the coordinate system of the
current LOCATION. You can do it using the geocoding tool in the GRASS
GIS manager gis.m as explained in the section 4.1.4 or using the module
v.transform. The later requires a table of ground control points (GCPs, also
called tie points) to perform this transformation. It is a table of points with
xy coordinates and their corresponding georeferenced coordinates. To generate
this table, coordinates of points such as road intersections etc. are identified in
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the DXF map and another corresponding reference map. Also, GPS measure-
ments can be used. With v.transform, the map can be shifted and stretched
in x, y, and z direction, as well as rotated around the z axis. It maintains 3D
structures in case they are present in the CAD drawing.

In GRASS, the DXF map geocoding process requires three steps:

e DXF data are imported into the projected LOCATION, although the DXF
map keeps its xy coordinates reference;

e the ground control points are identified within the imported DXF map as
well as the reference map or taken from GPS measurements and stored in
a text GCPs table;

e finally, the imported map is transformed to the current LOCATION co-
ordinate system by shifting and rotating the input DXF map using the
GCPs table.

To illustrate the procedure we will import the DXF map Masterplanxy.dxf
(xy coordinates) and transform it to the map Masterplan stored in a georef-
erenced LOCATION, in our case the State Plane NADS3 with units meters.
To start, we import the DXF map into the nc_spm LOCATION as a GRASS
vector map in xy coordinates. To view it, you will have to change the region
as shown below:

4=

import the dxf file in xy coordinates
v.in.dxf Masterplanxy.dxf out=Masterplan_xy

# change the region to view the imported map
g.region vect=Masterplan_xy -p

d.mon x0

d.erase

d.vect Masterplan_xy

If you do not expect internal map distortions, only four ground control points
(GCP) will be needed for the transformation. In our example, the easy to
identify points are at highway interchanges. To get the (x,y) coordinates for
the GCPs from the imported DXF map, you can use d.where and then store
the coordinates in an ASCII file (e.g. called GCPforDXF.txt) in your home
directory. You can use any text editor to create the file and write or rather
paste each (z, y) coordinate pair on a separate line. The next step is to find the
corresponding four GCPs in the georeferenced map or to assign corresponding
coordinates from a GPS measurement. When using GPS data, just enter the
georeferenced coordinate values. When using a reference map in the current
LOCATION, for example the vector map streets_wake, you can open a new
monitor, reset the current region and display the map (for convenience we
show the zoomed-in region for the streets_wake that includes the Master
plan area):

d.mon x1
g.region -p n=228396.0 s=222148.0 w=634206.0 e=641883.0
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d.erase
d.vect streets_wake

Again, use d.where to get the corresponding four GCP coordinate pairs from
the reference map. Store these values in the ASCII text file GCPforDXF.txt
next to the related xy coordinates as EASTING NORTHING with all values
delimited by a space. The GCP text file will look as follows (the first two
values are the X and Y coordinates, the second two values are EASTING and
NORTHING):

10547.28 19180.92 636087.08 227883.50
12681.62 11905.81 636728.77 225661.66
22963.16 2289.81 639873.03 222725.95
27782.63 683.32 641340.88 222252.71

Now you can transform the imported map in xy coordinates to the State Plane
NADS3 using the module v.transform:

v.transform Masterplan_xy out=Masterplan points=GCPforDXF.txt
[...]

Residual mean average: 4.581719

The module transforms the coordinates of the nodes and vertices of the DXF
map and prints out the error for each GCP and the overall RMS (root mean
square) error. If the RMS error is too high for the given application you can
try to improve the result by more accurate selection of GCPs. To verify the
transformation result, reset the current region to the transformed map and
display it along with the reference map:

.region vect=Masterplan -p
.erase

.vect Masterplan col=red
.vect streets_wake

Q0 0«

Both maps should match well.

4.2.4 Export of vector data

GRASS vector data can be exported in various formats using v.out.ogr and
several format-specific commands.

Ezport to OGR-supported formats You can export GRASS vector maps
into more than 15 formats including SHAPE, KML, GML2, PostGIS and DNG
using the v.out.ogr command that is based on the OGR Simple Features
Library (part of GDAL). For example, to export the roadsmajor vector file
from our sample data set to ESRI SHAPE format, including an appropriate
projection information stored in ESRI-style .prj format (indicated by the flag
-e) run:
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# get the info about the vector map
v.info roadsmajor
v.out.ogr -—-e roadsmajor dsn=roadsmajor type=line

Several files are written into the roadsmajor subdirectory of the current direc-
tory: roadsmajor.shx, roadsmajor.shp, roadsmajor.prj and roadsmajor.dbf.
Note that you did not have to specify the output format or feature type be-
cause the SHAPE format and line features are default. The written DBF file
may be inspected with OpenOffice (http://openoffice.org), a free office
software. Additional examples of export of areas, 3D faces and points into
different formats are below:

# export soils map to PostgreSQL/PostGIS

v.out.ogr soils soils \
dsn="PG:host=localhost, dbname=postgis, user=postgres" \
type=area format=PostgreSQL

# export 3D faces into KML; facility.kml needs to be

reprojected to LatLong/WGS84 for WorldWind or Google Earth

v.out.ogr facility_3d dsn=facility.kml olayer=facility \
format=KML type=face

# export points into CSV

v.out.ogr schools dsn=schools type=point format=CSV

+=

To export to DXF (and some other formats) GDAL/OGR needs to be com-
piled with additional libraries, but you can also use the module v.out.dxf to
export data into the DXF format:

v.out.dxf roads out=roads.dxf

The DXF file is written to the current directory or to a specified path.

Export to GRASS ASCII vector format You can use the module
v.out.ascii to export a GRASS vector map to GRASS ASCII format. Only
geometry and category numbers are exported in this format. You can export
the line and point vector maps as follows:

# export to GRASS ASCII format
v.out.ascii roadsmajor out=roadsmajor.asc format=standard

B

alternate way to export to CSV table format
v.out.ascii schools out=schools.txt fs=" "

Note that the format “point” is default so we did not have to specify it for the
vector map schools.

Ezxport to visualization and graphics formats: POV, VTK and SVG
You can export GRASS vector maps for sophisticated visualization in POVRay
using v.out.pov or VTK-based tools such as Paraview or MayaVi using
v.out.vtk. See Chapter 7 on visualization for more details. An important
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addition in GRASS 6 is the possibility to export vector maps in the Scalable
Vector Graphics (SVG) format that can be used for graphically rich web appli-
cations, hardcopy output, and as exchange format for numerous applications.
For example, you can export the soils map as follows:

v.info —-c census_wake2000
v.out.svg census_wake2000 out=census_wake2000.svg \
type=poly attrib=TRACTID

The resulting map can be displayed in Web browsers with SVG support.
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Working with raster data

In this chapter, we explain processing of raster data, including examples of
spatial analysis and modeling. We provide basic description of the GRASS
raster tools accompanied by numerous practical examples; you can learn more
details from the manual pages, tutorials and publications provided on the
GRASS Web site. For description of the GRASS raster data model, as well as
raster data import and export, please refer to the Sections 4.1.1 and 4.1.3.

5.1 Viewing and managing raster maps

In this section, we continue to use the North Carolina sample data set to
illustrate our examples. Please refer to Section 3.1.4 on how to start GRASS
with the nc_spm LOCATION.

5.1.1 Displaying raster data and assigning a color table

As mentioned before, display of GRASS data is easy to handle using your
favorite GRASS GUI, especially when you need to combine various raster and
vector maps. The available GUIs evolve rapidly, therefore, we use the more
stable underlying command