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Making data more usable makes it far more valuable. Researchers at the McCombs School of
Business at the University of Texas, Austin, in association with the Indian School of Business,
evaluated this commonsense proposition quantitatively in a report released in September 2010.
They examined how improvements in any two aspects of data—quality, usability, intelligence, or
accessibility—positively affected metrics commonly used for assessing the financial performance
of businesses. In Measuring the Business Impacts of Effective Data, the first of a threepart study, these researchers noted that improving these data attributes by as little as 10 percent
significantly enhanced performance aspects such as employee productivity, return on invested
capital, and asset utilization, which translated into increased net income.
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In making data usable, GIS goes far beyond visualization and makes relationships, patterns, and
processes apparent. As Esri president Jack Dangermond observed in a recent interview at the
2010 Gov 2.0 Summit, “The map itself is a piece of knowledge. The next generation of technology hides the complexity of the computational stack and models behind the map and makes it
accessible. Delivering information in maps, rather than just data, is really powerful.”
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Instead of making just data accessible, ArcGIS delivers map services with data to Web browsers and smartphones in a way that communicates with everyone. In the response to the Gulf of
Mexico oil spill, the use of mobile and Web applications made GIS a platform for communication
and coordination between the many agencies and organizations deploying barriers, rescuing
animals, and assessing damage.
By making information accessible in a format that is engaging to citizens, that information
becomes more actionable. As the articles in this issue show, the challenges facing the world’s
citizens are formidable: utilizing renewable energy sources; promoting access to more nutritious
food; responding to large-scale disasters, whether those events are oil spills or storm surges.
Applying geographic information to more deeply understand these significant and complex issues
can create a future that is more resilient and sustainable.
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Business Plan in Your Hand
Free BAO for iOS app accesses demographic reports and maps anywhere
A new, free application for the Apple iPhone makes marketing data
and analysis tools instantly available to answer business questions
that are location based.
Business Analyst Online for iOS
(BAO for iOS) delivers ondemand reports and maps that
give a detailed, comprehensive
view of the people who live in
an area. The data this application accesses goes beyond census data. Updated demographics created by Esri’s team of
demographers, statisticians, and
economists provide information
on populations, lifestyles, and
buying behaviors.
Although this application was developed with the needs of the real
estate industry in mind, this revealing information allows all types of
business users to find the best locations for stores, identify customers,
and assess the demand for products/
services in an area. With the BAO for
iOS app, this information is available
from an iPhone, iPad, or iPod touch.
BAO for iOS gives a demographic

and market snapshot of a location that includes
population, age, income, education, homeownership, and consumer spending. The app makes
it easy to compare the demographic and market
data for two locations or a single location compared to national averages. It also helps evaluate
a location based on user-supplied criteria.
Business plans can be created based on the
information from these analyses. Besides describing the location proposed for a business
and the product or service it will offer, business
plans include market segment/identification that
is based on the prevailing characteristics in the
area related to age, family status, household income, and education level. Psychographics, or
psychographic influences on consumer behavior, include lifestyles, interests, and activities.
Information on all these factors can be found
using the BAO for iOS app.
Subscribers to Esri Business Analyst Online
(BAO) will soon be able to access the full set of
BAO reports and maps through BAO for iOS. A
subscription to BAO allows users to access even
more data, such as market potential, retail marketplace, and consumer spending, along with additional analytic functionality. For more information and to download the app, visit www.esri.com/
baoforios.

Ready to Deploy and Easy to Customize
Download free ArcGIS Viewer for Flex 2.1
Create and deploy customized GIS enabled Web mapping applications
without any programming using the free ArcGIS Viewer for Flex 2.1.
This GIS Web client mapping application for ArcGIS Server is built on
the ArcGIS API for Flex. It can be easily configured to meet custom
business needs for mapping visualization, editing, and analysis on
the Web.
This viewer fully supports the new capabilities available in ArcGIS
Server 10 (e.g., Web editing, support for time-aware data) and is built
with Adobe Flash Builder 4. The application comes preloaded with
mapping content from ArcGIS Online, providing access to worldwide street, imagery, and topographic maps, as well as a set of sample
ArcGIS Server map services.
Functionality in the ArcGIS Viewer for Flex is defined by widgets.
Widgets are modular chunks of code that provide functionality in the
viewer application and can be added or removed to customize the user
interface and application functionality. The many core widgets that
come with the viewer enable fundamental GIS client functionality for
data display, map navigation, interactive querying, Web editing, data
extraction, geocoding, and printing. New viewer functionality can be
created with custom widgets developed using the ArcGIS API for Flex.
6 ArcUser Fall 2010

The application is designed to support existing business workflows.
The look and feel, functionality, and data content of the viewer can be
easily customized by editing the XML configuration file. The viewer
also simplifies access to ArcGIS Online and ArcGIS Server services.
Organizations can add corporate logos, extend functionality by adding
widgets, and configure the viewer to work with their own GIS services.
GIS professionals can use the viewer to quickly deploy Web mapping applications or help create proof-of-concept applications for the
delivery of GIS services. Application developers can download the
application source code for the ArcGIS Viewer for Flex framework and
use Flash Builder 4 or another integrated development environment
(IDE) to build more customized Web mapping applications that meet
the needs of specific workflows.
Download the ArcGIS Viewer for Flex 2.1 from the ArcGIS Viewer
for Flex Resource Center (links.esri.com). This site also hosts online
sample applications that demonstrate configuration possibilities and
interactive previews of each core widget. The resource center also offers
online help documentation and a forum where users can post questions
and share ideas.

www.esri.com
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Answering Real-World

QUESTIONS

An antiaircraft gun point feature has been
symbolized as two threat dome layers—one
with a 5,500-meter radius and the other
with an 8,000-meter radius.

Using 3D volumetric analysis
techniques in ArcGIS 10
By nathan Shephard
ArcGIS 3D Analyst Visualization product Engineer Lead

www.esri.com

The threat dome has been trimmed by the visibility volume for
the antiaircraft gun.
Continued on page 8
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Answering Real-World QUESTIONS
Continued from page 7

Some geographic questions can only be answered in 3D. Which offices in a building are
close to these stored dangerous materials?
How much water will fit inside this valley?
Will my backyard suntanning days be over
once that new building is finished?

analysis of other problems such as locating an
underground pipe away from planned subsurface drilling or assessing the potential effects
of vibrations caused by a proposed subway on
the residents of nearby homes.
Pilots don’t want to be targets and try to

avoid routes where they are likely to be fired
upon. Identifying the sections of a planned route
where this kind of thing could happen can make
or break a mission. This is an inherently 3D problem, because the ranges calculated for weapons
are often based on direct 3D distances.
Continued on page 10
Percent of Risk

A

Medium
none

B

High

Figures A & B:
Information can be
summarized into graphs.
This example has one
graph summarizing
the overall risk (A)
and a second one that
displays the flight path
as ordered stretches of
risk (B).

The 3D flight route has been intersected
and classified based on the threat volume
that contains it.
Intersect 3D, Inside 3D, and Skyline Barrier are some of the analytic tools that were
added to the ArcGIS 3D Analyst extension
at version 10 specifically for working with
GIS data in true volumetric space. This article illustrates how these new tools can be
used to answer 3D GIS questions by stepping
you through the process of performing two
analyses that use techniques with broad applications. The key point in the specific use
cases cited in these examples is that 3D GIS
tools are generic and can be applied to solve
a wide variety of problems. Just as the Buffer
tool can have many applications, the Intersect
3D, Skyline, and Skyline Barrier tools can
be used to provide answers to many different
kinds of questions.
Example 1: Avoiding Dangerous Airspace
The first question we’ll investigate using
these new tools in 3D Analyst is, How risky is
this flight through dangerous airspace? While
this is obviously a military example, it’s not
too difficult to imagine that techniques for
analyzing the intersection of a flight path with
dangerous airspace could be applied to the
8 ArcUser Fall 2010

The orange and red volumes illustrate the dangerous airspace within the blue flight corridor.
www.esri.com
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An Additional Dimension for Analysis
new geoprocessing tools in the 3D Features toolset
3D GIS moves beyond visualization in ArcGIS 10. The analysis of
3D vector features is a major focus of this release of the ArcGIS 3D
Analyst extension. Now geoprocessing tasks can use closed multipatches and 3D features. The new suite of 3D set operators includes
Intersect 3D, Union 3D, Inside 3D, Is Closed 3D, and Difference 3D.
Skyline and Skyline Barrier expose 3D vector analyses designed spe-

cifically for virtual city workflows. Existing geoprocessing tools have
been enhanced so they work more effectively with 3D data. For
example, the Select By Location tool dialog box uses 3D distances,
and multipatch objects can now participate in the Line Of Sight
tool. Network datasets have full 3D connectivity. The accompanying table lists the new 3D geoprocessing tools in ArcGIS 10.

Geoprocessing tool

Description

Add Z Information

Examines each 3D shape and adds selected properties as attributes to the input feature class. The output options vary based on
the input shape type.

Construct Sight Lines

Constructs lines between each of the observer points and each of the target features.

Difference 3D

Computes the geometric intersection of two volumes defined by closed multipatch features based on the geometric
intersection of their patches, then subtracts all the volumes of one feature class from the other and writes the result to a
new output feature class.

Feature To 3D By
Attribute

Adds a height dimension based on one or two attributes. The height (z-value) of the shape of each feature in the input feature
class is set to the value found in the user-specified height field in that feature class.

Inside 3D

Tests each feature to determine if it falls inside a multipatch feature. If it does, the tool writes an entry to a new table indicating
which feature it fell within.

Intersect 3D

Computes the geometric intersection of two volumes defined by closed multipatch features based on the geometric intersection
of their patches. Features or portions of features that overlap in the two layers and/or feature classes will be written to the
output feature class.

Intersect 3D Line
With Multipatch

Computes a geometric intersection of the input line and multipatch features and returns the number of points of intersection.
points (of intersection) and/or lines (resulting from input lines being broken at intersection points) can optionally be written to
output feature classes.

Is Closed

Tests each multipatch to see if it completely encloses a volume, then adds a new field with a flag for each multipatch feature in
the input layer or feature class indicating if that feature is closed or not.

Near 3D

Determines the distance from each feature in the input features to the nearest features within the search radius.

Skyline

Generates a line or multipatch feature class containing the results from a skyline silhouette analysis. The analysis is
conducted from observer points above a functional or virtual surface and will also consider features that are encountered
during the analysis. When used in conjunction with other tools, especially the Skyline Barrier tool, shadow volumes and
other such features can be created.

Skyline Barrier

Generates a multipatch feature class representing a skyline barrier or shadow volume. The barrier is in a sense a surface
and looks similar to a triangle fan formed by drawing a line from the observer point to the first vertex of the skyline,
then sweeping the line through all the vertices of the skyline. A skirt and base can optionally be added to form a closed
multipatch, giving the appearance of a solid. It is possible to create this closed multipatch so that it can serve as a shadow
volume. If the input is a silhouette (a multipatch feature class) rather than a skyline (a polyline feature class), the multipatch
is extruded into a shadow volume.

Skyline Graph

Calculates sky visibility and optionally generates a table and a polar graph. The table and graph represent the horizontal and
vertical angles going from the observer point to each of the vertices on the skyline.

Union 3D

Computes the geometric intersection of the patches of overlapping multipatches, then aggregates the multipatches together.
The number of features created as output depends on the tool’s settings.

new geoprocessing tools in the 3D Features toolset
www.esri.com
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Answering Real-World QUESTIONS
Continued from page 8

Certain base data is required to analyze
this problem: an elevation surface, the proposed flight path, locations of threats, and
information about the effective range of each
threat. To translate these requirements into
GIS terms, you will need an elevation surface such as a raster digital elevation model
(DEM), a triangulated irregular network
(TIN), or a terrain dataset; a 3D line feature
class that describes the proposed route(s);
and a 2D (or 3D) point feature class that con-

construction of threat dome features using the
following workflow.
1. In the ArcScene application in 3D Analyst,
add the point feature class twice to create
two layers in the table of contents.
2. Set the symbology for each layer to Simple
Marker Symbol > Sphere.
3. Set the Advanced > Size value for one
layer to InnerThreatDistance and the other
to OuterThreatDistance.
4. Use the Layer 3D To Feature Class geo-

How tall can
the buildings located
in the orange area
be and still remain
unseen from the
blue viewpoints?

Skyline tool generates the visible horizon for
each threat position. The Skyline Barrier tool
can effectively project this horizon up into the
sky, displaying the results as a volume representation of the visible airspace above each
threat point. Intersecting these volumes with
the pure distance-based threat spheres generates danger zones that incorporate both visibility and lethal ranges.
To identify which sections of the proposed
route intersect the 3D danger zones, use the Intersect Line With Multipatch tool. It splits the
route into sections of low, medium, and high
risk. The 3D distances of each segment can be
easily calculated using the Calculate Geometry option for a field or the Add Z Information tool. This exposes information that will
be summarized into graphs. For example, one
graph could summarize the overall risk, while
another could display the flight path as ordered
stretches of risk. Repeating this analysis for
multiple proposed routes and comparing the
resulting graphs can help select the best route.
Advanced users can expand this analysis

Use the Skyline and
Skyline Barrier tools to
calculate a barrier or fan
that separates the ground
from the sky from each
viewpoint.

tains attributes for threats. This example uses
a 5-meter raster DEM.
In the first step, the 2D point features are
converted to quantifiable threat domes. This
example has three antiaircraft (AA) gun positions. Each AA gun has different effective
ranges depending on the presence or absence
of radar assistance. The outer zone (where radar assistance is required) is less dangerous
than the inner zone because the plane’s countermeasures are more effective.
This information can be converted into
threat domes (which are more easily understood) using feature attributes to drive the
10 ArcUser Fall 2010

processing tool to convert these symbolized layers into volumes and store them
as multipatch features in two new feature
classes.
Layer transparency and layer rendering priority provide the framework for seeing these nested/overlapping threat domes
in a three-dimensional view. Although these
threat domes are useful, they do not take into
account one of the most useful factors when
trying to protect planes from antiaircraft
fire—the terrain.
The Skyline and Skyline Barrier tools can
help incorporate terrain into this analysis. The
www.esri.com
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Use the skyline
fans to slice vertical
sticks within the area
of interest.

The virtual lines
indicate elevations
that cannot be seen
from the road. The
top vertex of each is
displayed as a point
feature.

by converting the infinitely thin flight paths
into volumetric flight corridors. One simple
way to do this is to buffer the flight path into
a polygon and extrude that polygon between a
minimum and maximum altitude range. Using
the volume-based Intersect 3D geoprocessing
tool (rather than the line-based Intersection
tool), all the threat volumes within the corridor can be derived. This provides additional
options for accessing flight safety. For example, the north side of a flight corridor could be
safer than the south. It also provides a more
complete summary of the total dangers associated with a flight corridor.
www.esri.com

Note: The 3D volumetric analysis tools can
create incredibly complex geometries that can
contain hundreds of thousands of triangles,
which may exceed the number of operations
that can be run. However, this restraint is
expected to ease over time as the underlying
Computational Geometry Algorithms Library
(CGAL) expands.
Example 2: Hiding Tall Buildings
The second question we’ll examine, How tall
can these buildings be without being visible
from nearby major roads? is a real urban development use case that has been mandated by law

in many countries. However, the same workflow
could also be applied to other scenarios: placing
mining rigs so they can’t be seen, finding locations that hide military vehicles from view, or
identifying sections of a forest that can be harvested while minimally impacting the appearance of the surrounding countryside.
This scenario is similar to the children’s
game of hide-and-seek—find a place where it’s
hard for others to see you. This seemingly simple problem can be challenging to solve using
software. However, by thinking creatively, 3D
analysis tools can be used to figure out where
Continued on page 12
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Answering Real-World QUESTIONS
Continued from page 11

The green zones can contain 20-meter-tall
buildings that cannot be seen from the road.
to hide 3D GIS features. In this example, those
features are proposed buildings that shouldn’t
be visible to drivers on nearby major roads.
Again, the first and most crucial step is acquiring the appropriate data. For this example,
that data is an elevation surface, 2D data for
the area of interest, and data for the view positions to be protected. In terms of GIS data, that
equates an elevation surface (a raster DEM,
TIN, or terrain dataset), a 2D polygon feature
class containing the area of interest, and a 2D
(or 3D) point feature class that describes the
view positions. For this example, the elevation
data will come from a TIN.
The area of interest is behind a ridge, so the
first task is creating a barrier (or fan) that defines
the separation between the sky and the ground
from each view position. In this example, only
the elevation surface is being used to generate
the skyline features. If existing structures were
in this vicinity, they could also be included in the
calculations. The workflow for this example is
1. Run the Skyline tool using the view- points
and elevation surface to create skyline
features.
2. For improved performance, set feature
attributes for each viewpoint to limit the
sweep of the calculation.
3. Run the Skyline Barrier tool using the skyline features and viewpoints to create skyline
fans.
After calculating the visibility planes, the
next step is calculating the 3D space between
12 ArcUser Fall 2010

these planes and the ground in the area of interest. Although there are several ways to run
this analysis, one simple method that scales
well (because it avoids potentially complex and
enormous geometries) is to model the area of
interest as vertical lines and slice those lines using the skyline barrier fans as described by the
following workflow:
1. Run Create Random Points to ﬁll the polygon with many point features.
2. Use layer properties to extrude the points
just created into vertical sticks.
3. Run the Layer 3D To Feature Class tool to
convert the vertical sticks into vertical line
features.
4. Run the Intersect 3D Line With Multipatch tool to cut the vertical lines with the
skyline fans.
Once all the virtual lines have been cut by
the fans, the remaining sections represent elevations that cannot be seen from the view
positions.
These 3D vertical lines can be converted
into maximum height construction zones. The
top points can be used to create a new TIN surface using the Create TIN and Edit TIN tools.
This surface defines the top of the volume that
is hidden from view. Comparing this surface
to the base elevation surface using the Surface
Difference tool will result in a raster in which
each cell value represents the hidden building
height for that area.
Displaying this raster output using a simple

class-breaks renderer completes the analysis of
this problem. This layer can be viewed in 3D or
copied into ArcMap and shared as a 2D map.
The layer makes it simple to identify where
structures of a certain size can be built that while
remaining concealed from view on the roads.
Conclusion
The two questions answered in this article were
complex. 3D GIS was integral to arriving at the
correct solutions. Both were tackled using standard GIS techniques such as attribute-driven
symbology, feature intersection, and surface
generation. This shows just how far 3D GIS has
come with the release of ArcGIS 10. Although
you might not be a fighter pilot or the architect
of high-rise buildings, you can see from the examples in this article how these 3D techniques
can be adapted to solve questions you face. The
visibility analysis in the second example is
covered in detail as part of the instructor-led
Working with 3D GIS Using ArcGIS training
course. See training.esri.com for more information on this course.
About the Author
Nathan Shephard has a bachelor’s degree in
computer science (GIS) from Curtin University
in Western Australia. He worked for three years
with ESRI Australia before coming to the Esri
Redlands campus in 1999.
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Assessing the
Accuracy of
Small Area
Forecasts
Ground truth project validates
housing data with ArcGIS

By Douglas A. Skuta, Economist; Jim Herries, product Engineer; and Earl A. nordstrand, Manager,
Esri Data Development Team
Esri undertook an innovative project that produced valuable insights
into its modeling process and validated the accuracy of its housing unit
estimates at a small area level (block group) using ground truth information gained by manually comparing data sources with aerial imagery.
Although the decennial census provides block-level counts of population and housing units along with basic demographic traits every
10 years, data users prefer more current information. Unfortunately,
current data is not reported for small census areas such as census blocks
or census block groups. [A census block is the lowest level of tabulated
census geography. Census blocks are assembled into block groups.]
This data is provided for postal areas (carrier routes or nine-digit ZIP
Codes), larger areas such as places or counties, or the smallest unit possible—addresses.
Calculating a segue from areas with current data to the smallest census areas has always been challenging because the boundaries for these

14 ArcUser Fall 2010

areas do not correspond. Why not use the addresses as a direct measure of the population distribution? Because address lists are flawed:
they include duplicate listings, incomplete address information, group
quarters, nonresidential address listings, and a lot of post office boxes.
Postal databases also include errors. Even census counts require review
and correction. While it is incumbent on data providers to reconcile the
differences among the many data sources that enable current information, that is easier said than done.
In 2005, Esri developed a method called Address Based Allocation
(ABA) to assign current data from postal areas to census blocks using
addresses. ABA uses the actual locations of mail deliveries and solves
the complex challenge of converting delivery counts from carrier routes
to block groups. [For more information on ABA, see “The Secret Life
of Polygons: Understanding the relative accuracy of user-defined areas” by Douglas Skuta and Lynn Wombold in the summer 2008 issue of

www.esri.com
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This review screen for a block
illustrates how ancillary data, such
as address points, can highlight
development in many blocks. The
red outlines identify areas where
two different sources of address
points vary in coverage.

Source 1

765 housing units

Source 2

967

Source 3

822

Source 4

44

Source 5

1,069

Source 6

0

Ground Truth
Analytics
1,094

ArcUser and the Esri white paper, Esri
Demographic Update Methodology:
2009–2014.] However, the basic question remained: how to verify delivery
statistics from the U.S. Postal Service,
national household databases, national
business databases, housing development databases, and changes in street
networks and parcel databases without
taking a census. Advances in navigational databases and street images—
along with the ready availability of
satellite imagery—could help if the
analyst could find a way to integrate
the disparate data sources and automate
this validity check. Esri applied its own
technology and GIS tools to do just that
and enabled a ground truth check of its
current demographic data.
From Concept to Completion
Over the past decade, Esri’s data development team has employed Esri
technology and a variety of databases to check any anomalies found in a
data source (e.g., a sudden drop or increase in a time series) or respond
to data users’ questions about specific sites. Ground truth, or a visual
image of a site, can quickly dispel any questions on local housing development. Internal tools have been developed to help Esri staff quickly
find an area of interest, such as a block or block group, and overlay
geographic attributes (e.g., boundaries, centroids, and attribute data) on
various imagery data sources.
Prior to developing the 2010 demographic updates, Esri staff decided to apply those verification tools on a much larger scale to check
the source data that would supply the 2010 housing unit totals for
subcounty areas. Accordingly, a proprietary data collection interface
was developed in Esri Business Analyst. In fall 2009, temporary staff
was hired to confirm the accuracy of source data using the software to
manually review selected small areas. Esri’s data analysts worked with
geographers to define a project to test the data. Internally, this project
was dubbed the ground truth project.
The project sample frame included the universe of all 208,687 U.S.
block groups, including over 8.2 million blocks. Block groups were not
selected randomly. Instead, they were chosen based on either discrepancies in source data or the magnitude of change in the area since 2000.
Nearly 5,800 block groups were flagged for inspection during the project’s two-month time frame. Visual confirmation took place at the lowest level of census geography, the block. Given the number of blocks in
the selected block groups, blocks were also prioritized based on the size
of the differences in source data. Blocks with the largest discrepancies
were given top priority and placed at the top of the queue.

Project Software and Data
The project used ArcGIS 9.3.1 with the Business Analyst desktop extension. With advanced analytic and visualization tools and comprehensive geographic and demographic data, ArcGIS was well suited to
overlay census geography on various aerial imagery sources to assess
change over time. Address lists, address points, business data, and other
comprehensive data sources were incorporated. Access to several imagery sources was also a requirement. ArcGIS could easily integrate
many kinds of data:
 Census boundaries and centroids
 Street basemaps
 Bing Maps aerial imagery with street labels from ArcGIS Online
 DigitalGlobe imagery via Business Analyst’s ImageConnect toolbar
for ArcGIS
 i-cubed imagery from ArcGIS Online
 Four sources of block-level housing unit estimates
A customizable graphical user interface (GUI) tool was developed
in Visual Basic for Applications (VBA) using ArcMap as the portal for
facilitating data collection. The tool allowed users to cursor through the
selected blocks. The input boxes and drop-down lists allowed analysts
to perform each task in the workflow, including adding supporting attribute data for the block. The simple VBA form enabled more efficient
data entry and allowed fewer chances for errors like accidentally skipping valuable attribute collection. The input boxes and drop-down lists
not only simplified research but also helped prevent the entry of inappropriate values.
Continued on page 16
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Assessing the Accuracy of Small Area Forecasts
Continued from page 15

Because an ArcSDE-enabled geodatabase was used, multiple users
could access a single feature class, which allowed rapid analysis of the
data and the performance of data management tasks. At the end of each
workday, the database was sorted for unique values, which identified
data entry anomalies. A daily sort also provided a count of the number of records per analyst. This determined the rate of data entry per

Two images, taken at different times, were spliced together. The
newer image provides evidence of residential development and enabled a
straightforward comparison of current and alternate estimates.
analyst and helped in assigning each analyst to regions that best fit that
analyst’s skills. The entry form and multiuser environment combined
to facilitate the well-organized, efficient analysis of the blocks under
review.
Another application, created to complement and enhance the productivity and accuracy of the visual review, allowed the reviewer to
click on an area and choose either Google’s Street View or Microsoft
Bing Maps Bird’s Eye tool to get an online, oblique view of an area
without leaving the application. This Visual Basic script, assigned to
a tool and added to the toolbar, automatically initiates a Web browser,
inputs the URL link to the online imagery service, and provides the
coordinates so that the user can inspect the area using detailed imagery from these sources.
The Review Team
This visual review was performed by a team of 13 temporary employees. Half the team worked full-time, and the balance worked part-time
schedules. After the team members underwent an orientation to learn
software and data procedures, they were also taught many tips and techniques to increase efficiency and enhance workflow volumes.
After reviewing each block with respect to the satellite image overlays, reviewers chose one of four possible outcomes:
 The residential structure count matched the 2009 housing estimate.
 The residential structure count did not match the 2009
housingestimate.
 The block boundaries were misaligned with the structures within
the imagery, preventing a confirmation count.
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 The block could not be visually inspected due to issues with the
satellite imagery (e.g., date of image not current, tree or cloud
coverage masking structures, poor image resolution).
Reviewers were asked to supply additional information about the
block such as housing type (single family, mobile home, or multiunit
structure), the presence of a new development, or the amount of developable land area remaining for future housing growth. Reviewers chose
from among a predefined set of responses for each characteristic but
could add notes in a comments field.
Project Evolution and Highlights
The project leader actively monitored the team from start to finish.
This enabled developers to focus on quickly adapting applications to
enhance their efficiency. Team feedback led to changes that resulted
in a more robust GUI. The GUI was adjusted numerous times over the
course of the project to improve productivity and ease of use, particularly by enabling the reviewers to input data with a minimal number
of clicks.
Rapid prototyping helped the team fine-tune the methodology, input
data, application, and training to suit the areas being analyzed. During
the early phases of the project, the Production Line Tool Set (PLTS)
extension [now known as Esri Production Mapping] was used to prototype efficient workflows for block analysis. ArcGIS, with its customizable interface, allowed numerous refinements over the course of the
project. Quality assurance was monitored each week. Some reviewers
were able to modify code to streamline their own workflows, tripling
throughput from 25 to 75 blocks reviewed per hour. These productivity gains allowed the project’s total block review goal to be met sooner
than expected, and more blocks were reviewed than had originally been
planned for the project.
Another unexpected benefit of this manual review process was the
team’s ability to adapt quickly to housing units unique to different areas (e.g., shotgun duplexes in New Orleans, retirement communities on
golf courses, or mobile home parks). The rate at which features were
analyzed increased every day of the project, and the quality of the information was monitored daily to ensure consistent application of counting and reporting procedures.
Conclusion
In the end, the team reviewed 2,596 block groups, or 112,033 blocks, in
the time allotted for the project. Although this is only a fraction of the
total of 208,000 block groups, the selection process focused on neighborhoods with the most significant change in the past decade. This excluded more than 90 percent of the block groups. Less than 9 percent
of all block groups display a change of ±2.5 percent yearly. Thanks to
the GUI and feedback from the review staff, the initial project milestone
was reached ahead of schedule and below budget estimates. Ultimately,
the team was twice as productive as had originally been estimated.
By combining multiple authoritative sources of information on the
map, the team was able to identify areas of agreement quickly among
those sources. Given the project’s purpose—assessing demographic data
sources—just identifying disagreement among the sources furnished
useful information. Most important, the project provided ground truth
confirmation and improved the accuracy of Esri’s 2010/2015 forecasts.
For more information, contact Douglas Skuta at dskuta@esri.com.
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	Not every block review was straightforward. This example demonstrates the difficulties encountered when the block boundaries and satellite images
were not cleanly aligned.
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This block has limited population growth potential. Block boundaries
were not always defined in a manner that represented the distribution of the
population.
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MAPPING A BETTER FUTURE
Sustainability is all about making better decisions to arrive at a better planet. Making renewable energy a more viable choice is one
way GIS is contributing to sustainability.
What is renewable energy? Most energy
production relies on fossil fuels: coal, oil,
and natural gas. These are finite resources
that, over time, become more scarce, more
expensive to obtain, or more environmentally
costly to extract. In contrast, wind, solar, hydroelectric, geothermal, tidal, and biomass
energy are sources that can be replenished.
Renewable energy sources vary greatly
from location to location in their cost-effectiveness, availability, and impact on the
environment. For example, effectively siting
wind turbines requires not only evaluating
complex terrain to identify areas with winds
of sufficient speed and consistency but also
specific locations where turbines will not
adversely affect residents or sensitive habitat, make excessive noise, or be too distant
from areas of energy demand. The spatial
relationship of the many interdependent factors needed for the successful utilization of
renewable energy sources mandates the use
of GIS. It is the crucial technology for answering questions such as
Where are the best sites for
generating energy?
Which areas should be excluded
from consideration?
Where are the centers of energy
demand?
The work of the National Renewable
Energy Laboratory (NREL), the primary
laboratory for renewable energy and energy
efficiency research and development in the
United States, furthers the adoption of renewable energy sources such as solar; hydrogen and fuel cells; biomass; geothermal;
and, particularly, wind. Pursuant to the goal
of meeting 20 percent of the United States’
energy needs through wind energy generation by 2030, NREL updated wind resource
maps using ArcGIS Desktop. The NREL staff
created wind resource models that estimated
the wind potential at 200 meters for many areas in the United States. The maps produced
showed the most favorable locations for wind
farms based not only on quality and availability of wind resources but also on transmission
costs and the layout of the electrical grid.
While this research can enable more widespread commercial development of wind energy, renewable energy sources are amenable
www.esri.com

to implementation at much smaller scales
than energy produced from fossil fuels. GIS
has been applied to assess the energy potential of areas as small as individual rooftops.
The LA Solar Portal (lacounty.solarmap.
org) is a Web site that lets the 10.5 million
residents and business owners in Los Angeles,
California, quickly and accurately estimate the
potential energy generation for solar photovoltaic systems on individual buildings. Launched
in 2009, this ambitious project mapped more
than 3,000 square miles and incorporated the
effects of shade from nearby trees, buildings,
and mountains as well as using the pitch and
slope of the roof to estimate the amount of incoming sunlight every five feet.
An article in this issue, “Locating Sites
for Photovoltaic Solar Panels,” describes
a pilot study conducted in the area around
the University of Arizona, Tucson, that used
ModelBuilder to automate the process of
identifying sites with desirable characteristics and eliminating unsuitable locations.
The Renewable Energy Atlas of Vermont
makes extensive use of GIS to enable and
encourage the use of renewable sources for
commercial and private energy generation.
Potential and existing sources for energy
generation from wind, solar, hydro, geothermal, and biomass can be assessed by county
or town, by a user-defined area, or using the
current map extent displayed. To learn more
about the creation and use of this site, see “Is
Renewable Doable?: Atlas shows energy opportunities at local level,” an article in this issue.
For renewable sources to play a greater
role in supplying energy, they must be integrated with the infrastructure used to deliver
conventionally generated energy. Smart grid
technology, a new approach to energy delivery, is composed of both electric and communication networks. It monitors the condition of
the grid and interacts directly with end users.
Smart grids depend on GIS to support both
the electric and communications networks.
The role of GIS in the management of traditional distribution networks was expanded
with the adoption of the smart grid. GIS not
only inventories network components (as is
the case with a traditional grid) but also manages data about the condition of utility assets,
the relation of those assets to each other, and
the relationship of the network to the surrounding area.
However, the development of strategies
for managing loads more effectively is one

aspect of GIS use in smart grid technology
that directly relates to renewable energy. Enhanced analytics and metrics on distribution
systems allow more intelligent load handling
that facilitates the incorporation of wind,
solar, and other energy sources that are not
available constantly or at a constant rate.
Another key component required for
widespread adoption of renewable energy
resources is marketing. Since 2001, Cascade
County, Montana, has carried out an aggressive program that has successfully promoted
the development of wind energy in one of the
windiest places in Montana. The county’s GIS
department created a wind map book that combined wind speed, transmission line locations,
and parcel and road data to help developers
evaluate the feasibility of locating turbines in
the county. It also uses GIS to help developers
research available sites. The program resulted
in the construction of Horseshoe Bend Wind
Park, the first commercial wind park in the
United States. It began producing energy in
2006.
Whether analyzing potential, enabling better management, or promoting the use of renewable resources, GIS has a vital role in mapping a more sustainable future for the planet.
Richard Saul Wurman, in his Keynote
Address at the 2010 Esri International User
Conference, observed that “a map is a pattern made understandable.” Maps create instant understanding because people relate
the information presented in maps with other
contextual knowledge. Wurman’s speech focused on the need for understanding because
“understanding precedes action.”
The first 40 years of GIS technology development have been primarily about visualizing, measuring, and modeling the earth.
The technology is now moving into a new
phase—one of designing with geographic information that has been amassed, organized,
modeled, visualized, and made available
across Web, mobile, server, and desktop platforms.
As Esri president Jack Dangermond explained in an interview at the 2010 Gov 2.0
Summit, GIS has a pivotal role in meeting
the challenges of our world. The methods
and tools available through GIS enable various alternatives to be quickly sketched and
their consequences evaluated so decision
making can be guided by geographic information. “We’ll design the future so it’s
sustainable—so that it integrates all the considerations we need.”
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Is Renewable Doable?
Atlas shows energy opportunities at local level
By Barbara Shields, Esri Writer

The overall objective for
the Renewable Energy Atlas of
Vermont was to build intelligence
into the modeling process for each
renewable energy layer.

Each energy type required
specific interfaces for summarizing
and displaying the results of the
analysis of potential sites. The wind
energy interface provides information
on sites, installers, manufacturers,
and consultants as well as energy
potential.

A nonprofit organization based in one of the
smallest states in the United States has taken
on a very big challenge: making renewable
energy viable. Its Web site encourages people
to get involved in localizing energy production and provides justification for community
projects that retain jobs and help stabilize the
economy.
The Renewable Energy Atlas of Vermont
(www.vtenergyatlas.com) is an interactive
Web site that lets people identify, visualize,
and analyze data about existing and promising
renewable energy opportunities for any town
or county in Vermont. The atlas was initiated
20 ArcUser Fall 2010
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Choose biodiesel and the site displays
feedstocks. Selecting oilseed crops shows
agricultural soils suitable for growing
oilseed crops and an analysis that shows the
energy potential for a source.

by Vermont Sustainable Jobs Fund (VSJF), a
nonprofit organization created by Vermont’s
legislature to accelerate the development of
the state’s green economy. VSJF provides early stage grant funding and technical assistance
to develop markets for sustainably produced
goods and services (e.g., renewable energy,
local food systems). Built on Esri’s ArcGIS
technology, the atlas makes it possible for people to access data about biomass, geothermal,
hydroelectric, solar, and wind resources and
use GIS to view existing and potential projects by area.
“Energy is the key variable for transitioning toward sustainability,” said Scott Sawyer,
research, evaluation, and communications
coordinator at VSJF. “We were looking for a
way to show people how renewable energy
flows through their communities so they can
see the options for harnessing it. The Web site
lets them zoom in to a town or subtown level
and look at the area’s renewable energy and
efficiency possibilities. Our goal was to make
the Web site easy and fun.”
Robust GIS technology, good data, engaging Web design, and easy-to-use applications made this possible. Since its launch in
April 2010, the site has received thousands of
visitors. Other states have taken note of the site
as well. For example, the Alaska Energy Authority is interested in building a similar tool.
www.esri.com

Looking for Viable Renewable Options
Vermont is a small state with a “green” reputation. The state name means “green mountain.”
It is a state of lush forests, lakes, and rivers.
Vermonters are passionate about ecology and
work actively to build a sustainable future. Despite Vermont’s green reputation, the state is as
dependent on nonrenewable energy sources—
fossil fuels and an aging nuclear reactor—as
the rest of the nation. The pressing need to cut
energy costs has led to a grassroots response to
foster renewable energy generation and lessen
the state’s contribution to global warming. Of
Vermont’s 255 towns, more than 100 now have
energy committees. Vermonters want to know
where renewable resources exist and what
they can do to utilize them. This sentiment was
the impetus for the Renewable Energy Atlas
of Vermont.
How It Works
Atlas visitors start by selecting an area and an
energy option. Choose a biodiesel selection
and the site displays three subcategories: oilseed crops, waste vegetable oil, and potential
algae-to-biodiesel locations. Selecting waste
vegetable oil will show the user the locations
of all the restaurants that generate waste vegetable oil. Selecting oilseed crops will show

agricultural soils suitable for growing oilseed
crops. Another panel shows the results of analysis of the energy potential for a source. For
example, these results might show the number
of gallons of biodiesel fuel an acre of sunflowers could produce. Choose the solar option and specify the photovoltaic option, and
the incoming solar radiation is modeled for
nearly every building in the state. End users
can tailor the information to the specifics of
their site (e.g., photovoltaic (PV) system size,
roof pitch) to arrive at an estimate of annual
electricity output.
How It Was Made
Collecting, organizing, and analyzing data, as
well as developing the Web interface for this
project, was a sizable undertaking. It took the
better part of two years from initial conceptualization to final Web site. VSJF worked with
the Vermont Center for Geographic Information (VCGI) on the project. During the past
25 years, VCGI has been operating a clearinghouse, developing statewide geographic base
layers, and providing GIS services to state
agencies and local government.
Mike Brouillette, a VCGI senior GIS project manager, worked with VSJF to compile,
Continued on page 22
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Is Renewable Doable?
Continued from page 21

The atlas features agricultural soils suitable
for growing oilseed crops, like these sunflowers
at John Williamson’s State Line Farm.

State Line Biofuels is Vermont’s first on-farm
facility making biodiesel made from oilseed crops
grown on-site. With on-farm energy production,
Vermont farmers can develop new value-added
revenue sources (e.g., organic, local livestock meal),
reduce on-farm expenditures and greenhouse
gas emissions, ensure their energy security, and
circulate money locally.

model, and analyze the GIS data necessary for
the project. “The overall objective was to build
intelligence into the modeling process for each
renewable energy layer that reflects the best
overall public good for each resource site,” he
said. “Datasets for the major renewable energy options—biomass, efficiency, geothermal,
hydroelectric, solar, and wind—were further
broken down into multiple categories of data
for specific renewable energy analysis. For
example, the biomass option includes data for
biodiesel, perennial grasses (i.e., grass pellets), methane digesters, waste to energy, and
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woody biomass.” VCGI worked with a wide
range of experts in Vermont to identify and
modify existing datasets, model new ones, and
develop a methodology for each energy layer.
Once developed, these layers were further
processed through a suitability framework that
balanced the raw renewable energy resource
with a myriad of practical considerations relating to conservation, ecology, natural resources, and recreational activities. This framework
screens out areas, such as rare and threatened
species habitat or areas abutting rivers, lakes,
and wetlands, that are unsuitable for develop-

ment. It assigns rankings or relative suitability values to the remaining areas. These
values can reflect the volume or quality of
the raw resource, as well as societal values
relating to a specific natural resource.
To build functionality for the atlas, VSJF
contracted with Fountains Spatial, a leading provider of GIS services such as application architecture design and development, data design, training, and hosting.
Fountains Spatial designed a leading-edge
service-oriented ArcGIS Server-based architecture that included ArcGIS Online
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Oilseeds are crushed and the resulting oil is
converted into biodiesel.
services and an interface developed using
the ArcGIS API for Flex.
“VSJF had some pretty high standards for
this Web site,” explained Peter McAlenney of
Fountains Spatial, who managed the programming and interface design for the project. “They
wanted the site to stand out and have a unique
look and feel that breaks away from standard
Web mapping applications. We raised the bar
and, in so doing, faced challenges in building

the look and feel of the user interface.”
For this application, Fountains Spatial
provided the ability to analyze, to varying
degrees, more than 20 different renewable
energy types. McAlenney said they looked at
the approach used by the Boston Solar Web
site, which provides a simple but powerful application for looking at solar potential in the
Boston area. This approach inspired their own
approach to modeling solar potential and the
other renewable energy types.
“However, each of the various energy types
is unique, and we needed to provide a wide
range of interfaces for summarizing and displaying results,” said McAlenney. “A wind
power analysis is quite different than evaluating potential production of biodiesel from
canola seeds. Designing these interfaces was
one of the great challenges in developing the
atlas.”
In the project design methodology, Fountains Spatial documented analysis workflows
from start to finish as well as key business
logic. The team created ArcGIS Server map
services (for cartography) and geoprocessing
services (for analysis) consuming the geodatabase provided by VCGI. Basemaps were
mashed in from ArcGIS Online. (ArcGIS
Online is a common platform where ArcGIS
users can directly connect to maps, layers,
tasks, and tools published by Esri and other
ArcGIS users.)
The team authored maps and created the
geoprocessing tools for running calculations and performing other tasks in ArcGIS
Desktop and published maps and tools to
ArcGIS Server. The client front end and related business logic were implemented using
the ArcGIS API for Flex and Flex Builder. The
design team included video tutorials on the
site’s help system and a content management
system-driven information clearinghouse so
atlas users can access additional information
such as photos and text.
“Esri’s service-oriented architecture, including ArcGIS Server and ArcGIS Online,
is fantastic,” said Mark Haberle, senior project manager at Fountains Spatial. “It has pro-

vided us with the ability to consume massive
amounts of free data and advanced services
from ArcGIS Online. The system architecture allowed us to then layer our own raster
and vector data over these map services. In
turn, these were then mashed together with
ArcGIS Online geocoding and locally published geoprocessing services providing deep
cartographic and analysis capabilities.”
These services, coupled with the rich Flex
API, allowed Fountains Spatial to build engaging, interactive, and powerful analysis tools and
develop a creative, forward-thinking interface
design that makes the Web site easy to use and
provides a unique experience. “Using the Esri
suite of technologies made this process seamless. Specifically, ArcGIS Online has been very
efficient for us. We did not need to build out
any kind of basemap or geocoding services.
You can’t beat that,” said Haberle.
Conclusion
“Our hope,” said Sawyer, “is that the atlas
will assist town energy committees, funders,
educators, planners, policy makers, and businesses in making informed decisions about renewable energies in their communities. These
decisions will ultimately lead to successful
projects, greater energy security, a cleaner and
healthier environment, and better quality of
life across the state.”
Esri recognized the outstanding work of VSJF
on the Renewable Energy Atlas project with
a Special Achievement in GIS Award, which
was presented at the 2010 Esri International
User Conference.
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Locating Sites

for Photovoltaic

Solar
Panels
Pilot study uses DEM
derived from LiDAR
By Andrea Chaves and A. Terry Bahill,
University of Arizona, Tucson

S

tate governments are challenging electric companies to increase the utilization of renewable energy sources. According
to the Database of State Incentives for Renewables and Efficiency (DSIRE), 29 states have renewable energy standards
that establish requirements for increasing renewable energy usage, and
nine states have renewable energy goals. Arizona is one of those states.
The Arizona Corporation Commission Renewable Energy Standard
(RES) requires that 15 percent of Arizona’s retail sales be derived from
renewable sources by 2025.
According to the United States Energy Information Administration, Arizona is one of the states with the greatest solar photovoltaic
(PV) resource potential in the country; however, finding suitable locations for large-scale solar farms is difficult due to zoning and other
restrictions. Regulations imposed by state and federal agencies, such
as Arizona Game and Fish and the United States Bureau of Land Management, significantly reduce the areas that can be utilized for solar
energy production. [These regulations were implemented to avoid,
minimize, or mitigate habitat loss, habitat fragmentation, and other
negative impacts associated with the development of large solar energy generating facilities.] Given these restrictions, a GIS was designed
to analyze the rooftops in developed areas and determine suitable locations for solar panels.
Determining the Study Area
The pilot study analyzed four square miles surrounding the University
of Arizona in Tucson. Original data for the area of this pilot study was
obtained from a light detection and ranging (LiDAR) image provided
by the Pima Association of Governments (PAG). The image depicts the
area surrounding the University of Arizona that contains residential development, commercial development, university buildings, open areas,
and athletic fields.
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A digital elevation model (DEM) was derived from the LiDAR data
and was saved in ArcGIS as a floating-point raster image. Because the
DEM was not georeferenced, the raster was georeferenced using the
Georeferencing toolbar in ArcGIS. The resulting dimensions and point
locations of the georeferenced image were verified using several points
with known locations.
Generating a Solar Map
Using the Area Solar Radiation Tool in the ArcGIS Spatial Analyst extension, a solar map was generated from the georeferenced image specifying Tucson’s latitude of 32 degrees and a yearly interval. This solar
map takes into consideration the changes in the elevation (azimuth) and
position of the sun, as well as any shading effect caused by buildings or
other objects in the input raster.
Determining the Desired Characteristics of a Suitable Location
Suitable locations for solar panels have specific characteristics and
requirements. Identifying those locations requires that desirable characteristics be defined. For this study, suitable sites should have these
characteristics:
 Suitable elevation—The location must be on top of a building. (It
should not be at ground level.)
 Suitable aspect—The aspect should be south facing or horizontal.
(Because Tucson is located in the northern hemisphere, solar panels
located on south-facing slopes will have a higher solar power
output than those located on north-facing slopes.)
 Suitable slope—The slope should be less than 35 degrees.
 High radiation—The site should receive, on average, at least some
minimum amount of solar radiation per year. That amount is
determined by the analyst.
In general, the goal is to find rooftops that face south or are flat and
have a slope that is not too steep for installing solar panels. The site
should receive at least some minimum threshold of solar radiation each
year. This last constraint eliminates sites located next to taller buildings
that block sunlight for a significant portion of the day.
Filtering Unsuitable Locations
Using ModelBuilder, masks were generated to select locations that had
these desirable characteristics and met the project requirements.
www.esri.com
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Slope mask
The slope mask was generated in a manner similar to the aspect mask.
Using the filtered georeferenced image as an input, a binary raster was
created by selecting all cells with a slope less than or equal to 35 degrees and assigning those cells a value of 1.

No

Not Suitable/
Remove

Final Output

Yes

Suitable Sites/Use

Aspect mask
An aspect raster was generated from the georeferenced image. From
this new aspect raster, a binary aspect raster was created by selecting all
the cells that had south, southeast, southwest, or flat aspects and assigning them a value of 1. A low-pass filter was used on the georeferenced
image to generate a smoother aspect raster and facilitate the analysis of
the final output of the GIS.

Flowchart showing the
selection process

Ground mask
A bare-earth file was generated from the LiDAR data and georeferenced
to the same coordinates as the input image. A binary ground raster was
generated that identified nonground cells by assigning a value of 1 for
any cell greater than or equal to the bare earth value plus five feet and
assigning 0 to all others, which were ground cells.

Radiation mask
A minimum radiation threshold was selected based on the desired
power output. Once again, a greater-than conditional block was used to
generate a binary raster. Cells equaling or exceeding the threshold value
were assigned a value of 1.
Human mask
A human using knowledge of the area, maps, and visual inspections
can eliminate undesirable sites (e.g., the area outside the president’s
office window; athletic stadium seats; roofs with pipes, air conditioning
units).
Finding Suitable Locations
To find feasible locations for the solar panels, all the binary rasters were
combined into a final raster that takes a value of 1 for locations that
meet all conditions and 0 for those that do not.
This algorithm was converted into ModelBuilder to automate the
output generation process. The model uses six main inputs: the DEM,
the aspect raster, the slope raster, the radiation raster, the bare earth
raster, and the analyst mask.

ModelBuilder model for generating feasible
aspect and elevation rasters

Continued on page 26
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Model for determining the number of panels
Analyzing the Results
The output generated using the five masks was input for the Raster
To Polygon tool that generated polygons for all the suitable areas.
Polygon areas were calculated and added to the attribute table using
ModelBuilder.
One-and-a-half square meters was used as the required area for each
solar panel. This requirement was based on the size of the solar panels most commonly used at the Tucson Electric Power solar panel test
yard with a 15 percent buffer to accommodate the mounting frame and
additional spacing. The number of solar panels that could fit in each
polygon was estimated by using the following formula:
Polygon_Area/Solar_panel_size

Because inverters and other hardware required to connect solar panels to the grid are expensive, the theoretical number of solar panels that
can fit in each area can be used by the analyst to select only those locations that can fit at least a predetermined number of solar panels.
When the Raster To Polygon tool was used, a very large polygon
that consisted of the perimeter of the image was created. This polygon
has no relation to suitable solar panel locations and could not be included in the analysis. To eliminate this issue required a two-step process. First, a Max field was added that contains the maximum allowable
polygon size in square meters. This value is dependent on the size of
the analysis area. In this case, the site had an area of four square miles,
so the maximum polygon size was set at nine million square meters.
Second, every row that has an Area field value larger than the Max field
value is selected and deleted from the table.
This model is a good tool for determining the sites suitable for PV
solar panels. However, it should be developed further so the decisionmaking process can consider factors such as PV panel and inverter
costs, return on investment, and engineering concerns.
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In this digital elevation model
(DEM) derived from LiDAR data,
the university’s campus is the
brightest area in the image and
has the highest buildings. Lowerelevation areas are shown in black.

A binary ground raster was
generated to identify locations
on building rooftops. Any cell
with an elevation greater than or
equal to the bare earth elevation
plus five feet was given a value of
1 and shown in green. All other
cells were assigned 0 and shown
in purple.

To find sites that were south facing,
a raster was generated from the
georeferenced DEM. Cells with
south, southeast, southwest, or flat
aspects were assigned a value of 1
and shown in blue.

To find areas with a slope of
35 degrees or less, all cells with
a slope less than or equal to
35 degrees were assigned a value
of 1 and shown in blue.

All binary rasters were combined
into a final raster that assigns a
value of 1 to the cells that meet all
the requirements and 0 for those
that do not to find all feasible
locations.

In the final output raster, suitable
areas are shown in green.

The output generated using the five masks was used as input for the Raster To
polygon tool that generated suitability polygons. These polygons were symbolized
based on the theoretical number of solar panels that could fit in each polygon.

www.esri.com

ArcUser Fall 2010 27

Valuing Mitigation

Strategies

A GIS-based approach for climate adaptation analysis

By Sam Merrill, Damon Yakovleff, David Holman, Joe Cooper, and Paul Kirshen

As more municipalities engage in climate
change adaptation planning, better tools to
quantify risks to vulnerable assets are needed
to facilitate this process. The New England Environmental Finance Center (NE/EFC), with
the support of Battelle Memorial Institute,
has developed an approach that assesses the
costs and benefits of adapting to sea level rise
(SLR) scenarios. [NE/EFC works throughout
New England to advance the understanding
and practice of smart growth, mitigating and
adapting strategies for dealing with climate
change, and developing alternative energy resources. NE/EFC strives to build local capacity to deal with these and related issues.]
Many tools have been developed by the
National Oceanic and Atmospheric Administration (NOAA), the Federal Emergency
Management Agency (FEMA), The Nature
Conservancy, and other organizations in response to challenges of climate change. These
tools focus on the damage caused by SLR or
increased storm surges and do not adequately
anticipate the cost of damage caused by moving water or include opportunity costs incurred during floods and subsequent damages
that render infrastructure unusable. Many existing GIS tools do not calculate or visualize
the economic benefits of the adaptive actions
municipalities could take in response to different levels of SLR and storm surge.
The Coastal Adaptation to Sea Level Rise
Tool (COAST) approach assesses costs and
benefits of adaptations to SLR scenarios by
incorporating a variety of existing tools and
datasets, including the U.S. Army Corps of
Engineers’ depth-damage functions; NOAA’s
Sea, Lake, and Overland Surges from Hurri28 ArcUser Fall 2010

canes (SLOSH) model; and other flood methods, as well as projected SLR scenarios over
time, property values, and infrastructure costs,
into a comprehensive GIS-based picture of
potential economic damage. COAST displays
the location-specific avoided costs associated
with particular adaptive actions, along with
the costs incurred by implementing those actions, to assist coastal municipalities in selecting appropriate strategies.
COAST is not limited to use by coastal cities for quantifying real property loss and other
economic vulnerabilities. It has applications
for inland areas that include analyzing and displaying the economic impacts of any potential
hazard event that can be mapped (e.g., extreme
rainfall, fire) as well as the social and environmental impacts of those events. COAST bundles processes in Excel and the ArcGIS ArcGlobe application in the ArcGIS 3D Analyst
extension. (COAST requires an ArcGIS Desktop license.) It has been designed to eventually
become a stand-alone ArcGIS Desktop extension.
Emergence of Adaptation Interest
The principal response to the problems of SLR
and increased storm frequency associated with
global climate change has been to reduce greenhouse gas emissions. However, relying exclusively on mitigation as the response to climate
change leaves many areas vulnerable, because
climate change cannot be reversed now; only
the rate can be changed (Intergovernmental
Panel on Climate Change [IPCC] 2007 Report
Section 3.2). As the world saw with Hurricane
Katrina in 2005, present are high vulnerabilities even without additional SLR.

IPCC estimates SLR to have averaged 1.8 millimeters (mm) per year (± 0.5 mm yr–1) between 1961 and 2003, accelerating to 3.1 mm
(± 0.7 mm–1) per year since 1993 (S.5.5.2.1,
“Changes in Sea Level” in the IPCC Fourth
Assessment Report: Climate Change 2007;
note also that rate changes from 1961 to 1993
were derived using tide gauge data, whereas
1993–2003 rate changes were derived using
TOPEX/Poseidon satellite altimetry). Studies show that expected increases in sea levels
will magnify impacts of storm surge flooding.
(For a literature review, see Confronting Climate Change in the U.S. Northeast: Science,
Impacts, and Solutions. Union of Concerned
Scientists, 2007). Municipalities must now
adapt to this changing situation using the best
information and modeling available.
The Visualization Approach
Using 3D capabilities of the ArcGlobe application, economic floodplains can be modeled
that show real property and building contents
loss, lost infrastructure value, lost economic
output, displaced persons, and affected natural
resources. The 3D map in Figure 1 models the
economic floodplain for downtown Mystic, a
portion of Groton, Connecticut. It shows predicted losses related to SLR of 1 m caused by
a 10-year flood event when no adaptive actions
were taken. (A 10-year flood event is one with
a 10 percent chance of occurring every year.
Note that a 10-year flood event becomes more
likely to occur in the future).
The map displays an event in 2070
and shows cumulative expected losses of
$8,768,776 (with a maximum loss of $841,579
for an individual parcel) resulting from damwww.esri.com
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Figure 1: A no-adaptation
action scenario modeled
for downtown Mystic
in Groton, Connecticut.
Expected losses in real
property and building
contents damage from a
simulated 10-year flood
event projected for 2070
with 1 m of SLR are shown
as extruded polygons.

age to real property and building contents. The
adaptive actions modeled for this location include installing a hurricane barrier, elevating a
road, and building dikes. Each action could provide some protection to the vulnerable areas.
Visually, each action is represented in these
maps using the same perspective and showing
polygon extrusion for each adaptation action
being considered. This is an effective way of
showing up-front and maintenance costs of
hard-structure approaches versus expected
damages from particular inundation events.
Soft-structure approaches can also be modeled,
such as floodproofing and rezoning over time.
More important, this approach also allows
modeling of ranges of SLR heights and storm
surge frequency and intensity. Combined outputs of multiple future scenarios provide an
opportunity for stakeholders to select future
conditions that match their expectations and
visualize the predicted damages using both action and no-action scenarios.
Benefits of This Approach
The COAST approach also encompasses more
than single event modeling. For multidecade
periods, the approach produces cumulative
expected damage tallies in tabular form for a
given set of conditions and adaptation actions.
This allows expected damages from increased
flood frequency to be quantified over time as
www.esri.com

well as identifying robust adaptation strategies
that may function acceptably and save money
under any climate scenario.
Early applications suggest that parcelbased, graphic display of local vulnerabilities
illustrating the likely benefits of taking adaptive actions is a powerful new way to engage
local communities in proactive planning in
protecting vulnerable economic assets. Work
to date has been supported primarily by the
U.S. Environmental Protection Agency, in collaboration with ICLEI—Local Governments
for Sustainability USA; the Connecticut Department of Environmental Protection; officials in Old Orchard Beach, Maine; and other
organizations. Further applications to broaden
the suite of expected damage profiles are in
development with the U.S. EPA; NOAA; and
several cities, including Portland, Maine.
For more information, contact
Sam Merrill, Ph.D.
Director, New England Environmental
Finance Center
Assistant Research Professor
Muskie School of Public Service
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SIMPLIFYING SITUATIONAL AWARENESS
Using ArcGIS Mobile to coordinate oil spill response and survey activities
By Monica pratt, ArcUser Editor

Response to the Deepwater Horizon incident
marked the most extensive use of mobile GIS for a
disaster.

Response to the Deepwater Horizon incident,
the largest oil spill in United States history,
was aided by the most extensive deployment
of field GIS for any disaster. For the first time,
responders using ArcGIS Mobile had one simplified process that provided bidirectional situational awareness to all responding agencies
in near real time.
On April 20, 2010, an explosion on the
Deepwater Horizon oil drilling rig, under lease
to BP p.l.c., killed 11 platform workers, and
sank the platform, leaving the Macondo well
gushing oil from the seafloor. The well, located
approximately 41 miles off the southeast coast
of Louisiana in the Gulf of Mexico, leaked an
estimated 4.9 million barrels of crude oil before the wellhead was capped.
An Immediate Threat
The shorelines of the states bordering the Gulf
of Mexico—Alabama, Florida, Louisiana,
Mississippi, and Texas—were vulnerable to
the effects of the growing oil slick. The speed
of wind and ocean currents, the type of oil
spilled, and temperature can affect the rate at
which oil spreads. However, according to the
National Oceanic and Atmospheric Administration (NOAA) National Ocean Service Office of Response and Restoration, under most
conditions within minutes or hours, even very
heavy oil can spread until it is “as thin as a
coat of paint on the wall.”
The effects of an oil spill on the environment depend not only on how much and
30 ArcUser Fall 2010

where oil was spilled and how
far it has spread but also on what
kind of oil was spilled. This spill
involved crude oil, which can
cause long-term contamination to
intertidal areas and can severely impact waterfowl and mammals.
Shoreline habitat, fisheries, and wildlife
in states bordering the Gulf of Mexico were
immediately threatened by the spill. Previous
accidental oil releases in the Gulf have directly
impacted blue crabs, squid, shrimp, and other
commercially important aquatic life as well as
wildlife that can be adversely affected by direct contact with oil.
Populations of some wildlife species in
the area were under pressure before the spill.
For example, all five species of Gulf Coast sea
turtles are listed as threatened or endangered.
To prevent the loss of all this year’s hatchling
sea turtles, the U.S. Fish and Wildlife Service
(USFWS), NOAA’s National Marine Fisheries Service (NOAA-Fisheries), and the Florida
Fish and Wildlife Conservation Commission
(FWCC) jointly developed a plan that is relocating 700 sea turtle nests.
Of the many species endangered by the
oil spill, the situation of the Brown Pelican
is particularly poignant. The Louisiana state
bird, Pelecanus occidentalis had just made a
remarkable comeback from near extinction as
the result of widespread use of the pesticide
DDT in the 1950s and 1960s and habitat pressure caused by the erosion of wetlands. In No-

U.S. Fish and Wildlife staff used the application
to document oiled birds and other species recovered.
Oily pelicans were captured and transported
to rehabilitation centers so wildlife biologists could
work on them.
vember 2009, it was taken off the endangered
species list. After the spill, birds were again endangered by the volatile compounds in oil that
can cause respiratory and digestive ailments,
particularly in young pelicans.
While dead and dying sea turtles and pelicans vividly illustrate the effects of direct contact with oil, other effects from oil spills are
less apparent and more long term. Toxins in oil
can cause genetic damage, liver disease, cancer,
and reproductive and developmental conditions
that impair fish and other animals. Soil in areas
where plants die from exposure to oil can become destabilized, leading to erosion. Effects
on animals can also result from compromised
habitat, altered migration patterns, decreases in
available food, and life cycle disruption.
The spill also endangered the economic
well-being of the human residents of these
states, an area still recovering from the devastating effects of Hurricanes Katrina and
Rita in 2005. Oily coastal waters and beaches
threatened two major industries in the region:
www.esri.com
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“The big difference between this event and
others I have been involved in was the scale of
the event and the ability to provide real time
situational awareness bidirectionally.”

photo courtesy of nOAA

Even before the oil spill, all five species of Gulf Coast sea
turtles were listed as threatened or endangered.

commercial seafood and tourism. The Gulf
supplies the nation with crab, shrimp, oysters,
and crawfish, while the tourist and recreation
industry employs hundreds of thousands of
area residents.
Urgent Response Required
To minimize these adverse effects, rapid response to the oil spill was essential. A unified
command was established to manage response
operations and link responding organizations.
Fifteen federal agencies, including NOAA, the
U.S. Environmental Protection Agency (EPA),
the U.S. Coast Guard, and the Department of
Homeland Security were involved in response
along with numerous state and local agencies from the five states bordering the Gulf.
Thousands of vessels and tens of thousands
of personnel have been involved in the Gulf
response and mitigation efforts.
Esri’s disaster response team was providing assistance—software, technical support, GIS data, and personnel—to local,
www.esri.com

state, and federal government agencies as well as private-sector organizations. (For more information on
other aspects of Esri’s involvement,
see “GIS Used to Respond to Oil
Spill Disaster: Esri Provides Software, Services, and Around-the-Clock
Support” in the July 2010 issue of
ArcWatch [www.esri.com/arcwatch]).
Esri also created an interactive social
media map application that not only showed
the current location of the oil spill but also let
visitors add links to online photos, Web sites,
and YouTube videos related to the spill.
Mobile GIS Added to Response Efforts
While BP was convinced that a mobile solution could help coordinate these efforts, it was
not confident that communications could be
adequately handled over a five-state area. Esri
wildland fire specialist Tom Patterson, a member of Esri’s response team who has been using mobile GIS for emergency response since
2000, was sent to support mapping of the oil
slick’s impact on the environment and coordinate mitigation efforts using mobile GIS.
Although cellular connectivity was now
available in much of the deployment area,
Patterson knew wireless communication
would be essential to effectively carry out both
missions. He also knew that Inmarsat’s Broadband Global Area Network Service (BGAN)
had been used in Haiti disaster relief efforts.

He took a BGAN terminal supplied by Inmarsat service provider Remote Satellite Systems.
The terminal accessed the BGAN mobile service, which provides simultaneous voice and
broadband data capabilities.
Esri staff, called in to support the federal
incident command post at Houma, Louisiana, created a focused ArcGIS Mobile application for mapping oil barricades. After an
initial proof-of-concept phase, BP purchased
300 Trimble handheld devices for use in spill
response. Patterson conducted brief training
sessions for the Louisiana National Guard,
U.S. Coast Guard, and U.S. Fish and Wildlife
response teams that would be using the mobile
units and ArcGIS Mobile application. Field
teams used BGAN to synchronize data with
Esri’s servers in Redlands, California.
Protecting Vulnerable Shoreline
After it was clear the oil spill could not initially be stopped, Louisiana’s governor Bobby
Jindal called out the Louisiana National Guard
to protect sensitive species habitat. When
dealing with the oil from spills, responding
agencies have three strategies: contain it using
barriers; disperse it with the help of chemical
products; and remove it from the water through
burning, filtering, and/or collecting oil.
The Louisiana National Guard was tasked
with placing booms that would contain, deflect, and hold back the growing oil slick.
Continued on page 32
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Continued from page 31

Booms are tubular floating barriers that can
be made of porous material to absorb as well
as contain oil. In addition to booms, sandbags,
and HESCO baskets (deployable jetty structures made of mesh front and filled with rocks)
were put in place by the guard.
Planners and incident commanders needed
access to current information on the type and
location of the barriers being deployed along
the beaches in various counties and parishes
to stop oil from reaching the shore. This was
a formidable task, given the Gulf’s approximately 47,000-mile U.S. coastline (a figure
that includes the shores of barrier islands,
wetlands, inland bays, and inland water bodies
that was developed using mean high water line
digitized from NOAA’s nautical charts). As of
the end of August, approximately 1.81 million
feet of containment boom and 9.16 million
feet of sorbent boom had been deployed.
Response crews from various federal and
state agencies and teams within BP used mobile units and ArcGIS Mobile to collect data
about the location and condition of booms and
other barriers. The Alabama Marine Police
used Panasonic Toughbooks mounted in their
boats to map booms that had been deployed.
Subsequently, booms were mapped as they
were being deployed, eliminating the need to
revisit sites.
Using the BGAN network, maps, data, images, and video were transmitted to Incident
Command. This gave command staff a very
high level of situational awareness. They could
view information on the placement of barriers
in near real time. In addition to monitoring
where barrier devices were being placed, the
mobile data collection also helped with staffing because the information on the personnel
deployed was so current and widely available.
Recording Survey Information
Areas contaminated by oil spills are surveyed
to determine the best response strategies. That
survey information is gathered by Shoreline
Cleanup and Assessment Technique (SCAT)
team members who record this information on
standard SCAT forms. Esri’s ArcGIS Mobile
team created a data model for the short version
of the SCAT form for use by responders with
GPS-enabled handheld mobile devices.
The intelligence in the data model was
directly leveraged through an application
developed in a prerelease version of ArcGIS
Mobile 10. Responders could use the GPS capabilities of the mobile device to capture segment
lines and zone points. The application was used
32 ArcUser Fall 2010

This operations map shows the division
boundaries established on along the Louisiana coast.
Jim Hawkins of USFWS holds a rescued
pelican that will be sent to a rehabilitation center.

to fill out a form that meets SCAT specifications
and transmit this data to the command center
via a wireless connection. Simple to deploy, the
application was well received and required little
or no training for the responders using it.

USFWS staff used the application to document oiled birds and other species recovered
in Louisiana marshes. Pelican rescue efforts
were representative of these activities. Approximately 15 to 18 oily pelicans were captured every day and transported to rehabilitation centers so wildlife biologists could work
on them. As of mid-July, 681 pelicans had been
rescued. Mapping the locations where pelicans
were captured updated previous wildlife surveys, identified breeding areas, and supplied
baseline data for comparing the recovery of
www.esri.com
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“The ArcGIS Mobile solution is seamless and
immediate,” he said.
Although ArcPad 8 allows updating of the
server from the field, it is designed for knowledge users who are conducting ad hoc projects.
ArcGIS Mobile was selected because it was a
simpler solution that allowed one application to
be used for multiple projects. ArcGIS Mobile
can be customized with extensions tailored to
the needs of each responding agency. These applications can be configured to monitor fieldworkers, enforce validation on fields, attach
cabinet (CAB) files and photos to reports, and
post data automatically back to the server.
With ArcGIS 10, “We could sync from
anywhere using the BGAN network,” said
Patterson. The Spatial Flex viewer, an outof-the-box solution that comes with ArcGIS
Server, was used for displaying current maps
at daily briefings. The ability of everyone
in a five-state area to see the same information at the same time was a big advancement.

the species in succeeding years. After cleanup,
healthy birds were released in Florida, Texas,
and western Louisiana.
A Breakthrough
“The big difference between this event and
others I have been involved in was the scale of
the event and the ability to provide real-time
situational awareness bidirectionally,” said
Patterson, who has been involved in public
safety for more than 30 years.
In previous response efforts, GPS units were
used for collecting locations. That information
had to be uploaded somewhere separately later
and incorporated into a map, then pushed out
or printed to update other people in the effort.
www.esri.com

options open and increases the potential for
better decisions and more effective response.
Extending the Role of Mobile GIS
For many years, GIS has played a pivotal role
in disasters like the Gulf of Mexico oil spill.
Remediation efforts for one of the most wellknown accidental oil releases, the 1989 Exxon
Valdez spill, were aided by GIS. This technology has played a key role in managing and analyzing data for oil spill restoration projects.
With the introduction of ArcPad a decade
ago, ArcGIS was expanded to include the mobile platform, which has been especially valuable to emergency management. With ArcPad,
GIS professionals and trained volunteers
involved in emergencies could access and collect georeferenced data in the field using GPSenabled handheld devices.
However, the use of ArcGIS Mobile in the
Deepwater Horizon incident represents a milestone in the extension of GIS in the field. Simple, focused applications that were rapidly deployed and centrally maintained let responders
from the Louisiana National Guard, USFWS,
and other agencies immediately and rapidly
gather georeferenced data with little or no
training. With the addition of BGAN, which
supplied wireless connectivity, information
on the rapidly evolving event was quickly and
easily shared with all agencies involved, helping organize protection and cleanup efforts
and providing a common operational picture
in near real time.

Response crews from federal and state
agencies and teams from Bp used mobile units
and ArcGIS Mobile to collect data on the location
and condition of barriers.
With the combination of ArcGIS Mobile and
BGAN, these capabilities can be supplied in
one simplified process.
Patterson believes these new capabilities
have important implications for emergency response efforts. Because real-time information
about the incident can be made available to everyone working on an event, they can interact
as needed, not just at daily briefings. The 12hour cycle for incident control can be modified and a new paradigm adopted that keeps
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-ing Flood Data
Making valuable information in paper studies accessible
By Mehdi Mashud Khan, Randall Vogel, and Ronald O. Edwards, polk County Board of County Commissioners
Polk County, Florida, has acquired a significant number of detailed
local flood studies over the last 20 years. These studies—the result
of a county requirement—are being converted from paper documents to GIS layers to provide valuable flood protection information to county residents.
Flooding is one of the most common natural hazards in Polk
County, as it is in many other parts of the United States. Approximately 46 percent of the county is located in one of the Federal Emergency
Management Agency (FEMA) Special Flood Hazard Area (SFHA)
designations. A significant percentage of the county’s population
lives or works in areas that are at risk of flooding. Because Polk is
in Florida, it is also susceptible to seasonal hurricanes that can cause
severe flooding.
In 2004, three hurricanes that passed through the county resulted
in standing water all over the county and caused rivers to overflow and
flood adjacent communities. Any prolonged rainfall has the potential
to result in flooding. The county’s flat topography, combined with
expanding development, causes storm water to reach buildings quickly
because water moves across the surface more rapidly than it can be
absorbed into the ground. The same factors also delay the departure of
floodwaters.
Mitigation Activities
To minimize flood damage, Polk County has undertaken flood protection activities (e.g., periodic ditch and channel cleaning, maintaining
flood-prone areas as open space) along with the introduction of flood
protection regulations. As part of this effort, the county requires that
new residential buildings or buildings that are substantially improved
be elevated one foot above the base flood elevation (BFE).
This ordinance means that information on the flood zone and the
base flood elevation for a site must be known for these properties.
To help determine the flood zones and BFEs, FEMA provides paper
and online maps. In some cases, these maps may supply sufficient
information. However, in many instances, FEMA maps lack sufficient
detail because they were prepared 10 or more years ago using 5- to
10-foot contour data. At that scale, a parcel or a small piece of land
can easily be lost.
Although FEMA maps were updated in 2000, many updated maps
are based on maps prepared in 1983. FEMA maps might recognize a
potential flood hazard area but lack detailed information such as BFEs
or the extent of flooding. In a worst-case scenario, FEMA maps may
have completely inaccurate information or lack any information at all.
County Response
The county has addressed this issue by requiring detailed flood studies
for any proposed development larger than five acres or 50 lots. Over
the years, the county has acquired a significant number of studies for
many developments within its jurisdiction. These studies, submitted
and stored in the county in paper format, are a great resource for the
county, not only for the developments for which they were created but
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Some areas of concern are not shown on FEMA maps. The area marked by red dots shows that the localized flood study (rendered in green hatch) identifies
potential flood zones that were not included in FEMA maps (rendered in solid dark gray).
also for future developments in the same area. Because flood studies
are based on topographic features, these studies can provide floodspecific information for adjacent areas and supply required information for future developments. Even if a study is contained within the
area, that study can be used as the basis for future studies of adjacent
areas. In both scenarios, access to this information can substantially
reduce costs.
If existing studies are not available, residential and commercial
developers must perform expensive flood studies to determine the
BFE for a site. To relieve individual parcel owners or developers with
projects of less than five acres of this expense, the county also accepts
an alternative method of compliance. It specifies that new structures
be built three feet above the “highest adjacent grade” (i.e., the highest
elevation on the lot) if a BFE is unavailable. Although this meets the
county requirement, a lack of information can result in requiring a
parcel owner to pay a lot for flood insurance. Consequently, individual
owners can benefit from going through old flood studies of adjacent
properties. This information can not only save money on flood insurance but also help owners choose appropriate construction materials
and techniques.

Making Studies Accessible
Currently, flood studies are available only as paper documents. To
respond to a request to determine if property is located in an area
prone to flooding (and must meet FEMA floodplain management
requirements), legal descriptions are used to locate the parcel on an
appropriate study and get pertinent information. This process, which
is tedious and lengthy and wastes staff time, has all the limitations of
paper-based media in terms of archiving, organizing, and searching
flood studies.
Sometimes flood studies are divided into parts and represented in
several drawings. It is inconvenient to combine these paper drawings so
the whole picture can be seen. It is also challenging to view these studies in conjunction with other data. This is a long, painstaking, manual
process. To use these studies more effectively, the Land Development
Division decided to convert them from paper to a digital format so the
department could find the information quickly and would make flood
studies accessible to a wider audience. They could be seamlessly analyzed and explored in the context of other relevant data.
GIS was the obvious answer. Converting these flood studies to GIS
layers would allow users to take advantage of sophisticated analysis
Continued on page 36
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Continued from page 35

tools to explore them in conjunction with other
relevant GIS data. Departments could store these
studies in a relational database management system, thus making it accessible through the county
network. The county could also provide this
information to the public through Web GIS and
eliminate the labor associated with the previous
process.
To achieve these goals, the county’s Floodplain
Management and GIS sections teamed up to complete the conversion process and create an informative and useful flood GIS layer.
Conversion Process
The ArcGIS Desktop environment was chosen for
the conversion because of its advanced tools, existing
database environment, and low learning curve. The
conversion process included the following steps:
1. Search paper flood studies for the base
information that will help locate any data that
should be added.
2. Locate the study site. Because studies are
basically survey drawings, they have range,
township, and section information that can be used
to track down the site. Survey notes can be used
to create the boundary if no parcel or subdivision
lines are available.
3. Check the validity of the study. New information
might be available for the same area from

The image above is a
scanned unaligned study
area that needs to be
georeferenced. The image
on the left shows an image
of the same area that has
been georeferenced. It has
been rotated, stretched,
and aligned.
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a different permit. Floodplain Management staff needs to be
consulted in determining that.
4. Find out which datum was used (e.g., National Geodetic Vertical
Datum of 1929 [ft. NAVD 29] or North American Vertical Datum of
1988 [ft. NAVD 88]).
5. Consult submitted paperwork for storm water calculations if the
BFE is not on the drawings.
6. Scan the paper drawing using a large-format scanner.
7. Georeference the scanned images, because they do not have any
spatial information. To properly incorporate these images with
other study area data, align spatial data to the image file using tools
in ArcGIS.
8. Use editing and drawing tools in ArcGIS to digitize the studies and
save them in the GIS.
9. Add attribute data along with flood-specific information (e.g., the
study site name, name of the engineering firm, study year).
Impact and Benefits
Once this new GIS layer is completed, it will be a great source of
information for Polk County Floodplain Management and its customers. The parcel layer is overlaid on the floodplain layer so county
employees can quickly locate a parcel and determine the proximity of
BFE and flood zones to that parcel. This will provide valuable flood
information to landowners without requiring an expensive flood study.
Planners will also have better information for flood management.
Potentially, this layer could be used online by county residents
through Web GIS. By eliminating the need to contact the county, the
county employee workload would be significantly reduced, saving
money for the county and, ultimately, its residents. With the help
of ArcGIS Server technology, users could not only acquire flood
information but also perform GIS analysis online without actually
learning GIS. For example, a user could find the locations of flood
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insurance offices or emergency shelters within a certain drive time or
distance from a parcel and perhaps generate optimized routes to and
from those locations.
These tools will help educate county residents so they can protect
themselves before and during a flood. These activities could also allow
residents to benefit from lower flood insurance rates. [The National
Flood Insurance Program (NFIP) offers reasonably priced flood
insurance for communities that comply with its minimum standards
for floodplain management. NFIP’s Community Rating System (CRS),
a voluntary program, provides incentives for communities that exceed
minimum standards.] This upgrade will significantly improve all
four factors that CRS considers: public information, mapping and
regulations, flood damage reduction, and flood preparedness. These
improvements could enhance the CRS rating for Polk County, resulting in lower flood insurance rates for county homeowners and renters.
Conclusion
Currently, about 25 percent of the flood studies have been incorporated in the GIS. Once completed, this will be a major source for flood
protection data that can be accessed, analyzed, and shared internally
and externally. It will significantly save time and money for the county
and its residents. This method retrieves information more effectively
than the current paper process with paper data.
For more information, contact
Mehdi Mashud Khan, GISP, GIS Supervisor
Polk County Board of County Commissioners
E-mail: mehdikhan@polk-county.net
Tel.: 863-534-7518
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MAKING THE LEAP
Support from online communities smooths move from ArcIMS to ArcGIS Server
By Matthew DeMeritt, Esri Writer
Before the advent of Internet map servers,
most maps were requested over the phone.
GIS departments took individual requests
from internal customers, then processed,
printed, and shipped those orders. When Esri
released ArcIMS 10 years ago, that cumbersome process became obsolete. Using a Web
browser, customers themselves could access
ArcIMS maps, turn layers on and off, and
query features to obtain attribute information
from the server.
Within a few years, enabling technologies—such as broadband and map caching—
allowed maps to be served more quickly. User
expectations for both consumer and business
mapping applications increased. In 2007, Esri
released a new system called ArcGIS Server
that harnessed those advances and gave organizations the ability to serve dynamic, fastrendering maps.
Meeting Increasing Demands
In Westerville, Ohio, ArcIMS had been used almost exclusively by management. “The speed, performance, and added content in that
internal users for almost a decade. The planning and development and application persuaded Westerville management that it was a smart
police departments frequently accessed zoning information, address decision,” he noted.
points, parcels, and aerial photography from the site. A public-facing
site let citizens view simple layers. When Brian Nemec came on Getting Under Way
board in 2008 as GIS manager at Westerville, his first objective was Before getting started, Nemec visited a variety of online communito configure ArcIMS to accommodate a growing clientele that wanted ties to familiarize himself with the issues associated with the transition from ArcIMS to ArcGIS Server. Because
greater access to geographic information.
“I hadn’t worked with ArcIMS before, so
“The great thing about he was most comfortable with JavaScript, he
initially tapped the experience of the JavaScript
I knew there was going to be a steep learncommunity. He found the sample maps and aping curve,” said Nemec, who was working
ArcGIS Server is that
plications he needed to start creating the site.
on a master’s degree in engineering in GIS
“I quickly learned from these online resources
from the University of Colorado at Denver
I didn’t have to be a
that I didn’t need to be a programmer to make
(UC Denver) at the same time. His coursea fully functional GIS Web site. After that revwork included a class dedicated to Web GIS
programmer to create
elation, the transition became a lot more doable
technologies taught by Greg Gunther. In this
and far less intimidating.”
class, Nemec learned about ArcGIS Server.
my Web sites.”
Nemec began the project by taking working
About that same time, internal users at
samples from the community and integrating
Westerville began asking for the same kind
of functionality that consumer mapping services, such as Microsoft’s his own data into them. He tinkered with the samples to see what did
Virtual Earth (now Bing Maps), provided. Although Nemec could what. Lifting chunks of code from one example and copying and pasthave coded some of those functions into ArcIMS, this growing clam- ing them into his working sample, Nemec slowly breathed life into the
or for new functionality threatened to outpace whatever progress he application. “I did the same thing with other samples, copying here and
made. “The tools everyone wanted were already available in ArcGIS pasting there,” he said. “When it got tricky, I simply went to the comServer, so it didn’t really make fiscal sense to bolt on these improve- munities for help and quickly got everything in the right position doments one at a time to keep up with department user demand.” For ing what it was supposed to do.” Support sites contained more than
enough working samples and coding advice to guide Nemec through
Westerville’s needs, ArcIMS no longer fit the bill.
Nemec requested an upgrade to a more robust server that could the process.
When Esri released ArcGIS API for Flex in 2008, Nemec contingrow with the expanding user base. With experience he gained from
his Web GIS class at UC Denver, he set about creating a JavaScript- ued the same process, taking what he liked from samples and methodibased site that mirrored the functionality of the ArcIMS Web site cally piecing the application together. It was a good system to build the
with a few additions. He presented the application to Westerville framework of the site, but Nemec knew he’d also want functionality
38 ArcUser Fall 2010
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(easier)
nemec designed this carousel navigator
widget. Users can spin to a different map
without having to leave the current map.

Westerville Flex viewer displaying the Drive
Time Ring widget

that wasn’t available in the samples. “Fortunately,
working with the samples familiarized me with
the code enough to experiment with it and customize it,” said Nemec. “It wasn’t long before I
started using Python and other scripting languages to automate tasks on the server.”
information. Westerville needed to deliver
more than zoning boundaries on the map.
It needed to return data, such as hyperlinks, parcel IDs, and owner information,
in response to queries of the county auditor
Web sites. Using ArcGIS Server, Nemec
can hyperlink to actual ordinance codes
over the Web. “Builders, contractors, and
landowners can now easily access the current zoning ordinance for a property,” said
Nemec. “They no longer have to come into
the planning and development office for
possible zoning change requests.”
Start to Finish
Westerville’s ArcGIS Server site took
Nemec about six weeks to get running
and online. After that, the time required
for tweaks and improvements shortened
significantly as he became familiar with
the code and was able to recycle some of
A sample application that nemec used to demonstrate the capabilities of ArcGIS Server
his existing code. “The great thing about
ArcGIS Server is that I didn’t have to be a programmer to create my
Crucial Need for Querying
Before moving to ArcGIS Server, Westerville had wanted to give its Web sites.” For Nemec, “The ArcGIS Server and code communities
expanded user base not only fast mapping but also the ability to per- were an invaluable repository of knowledge, walking me through what
form advanced queries. Although Nemec could plot points in ArcIMS, could have easily been an overwhelming experience.”
Nemec quickly discovered that Esri support services and user comhe could not dynamically create statements that would review data for
a specific number of days and return results. “We needed that for our munities make the ArcIMS-to-ArcGIS Server transition simpler than
police site,” Nemec said. “Temporal data is crucial for law enforcement he thought possible. Now Westerville not only meets user performance
to create statistics and serve them to the public.” With ArcGIS Server, expectations but can serve the demands of a larger user base thanks to
Westerville citizens can now get specific crime reports through its Flex- ArcGIS Server’s cached map services, optimized map services, and
lightweight APIs. For more information, contact Brian Nemec at brian.
based police site.
ArcIMS was limited to performing only simple queries on parcel nemec@westerville.org.
www.esri.com
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Is Special

Data Driving

Finding,
understanding,
maintaining,
and mapping
special public safety data
By Mike price, Entrada/San Juan, Inc.
Every jurisdiction needs not only framework datasets, such as transportation and cadastral layers, but also highly localized datasets on facilities, infrastructure, and other assets. These resources, typically used on
a daily basis, must often be captured or derived by local government.
Having a strategy for acquiring, organizing, and maintaining this data
is every bit as important as framework datasets.
This article builds on a previous article, “Is Data Driving Your Fire
Engine? Finding, understanding, maintaining, and mapping spatial data
for public safety,” in the summer 2010 issue of ArcUser. It presented
Federal Geographic Data Committee (FGDC) framework datasets that
are often used by public safety service providers. In this article, the processes of Kent Fire Department in southern King County, Washington,
were used to illustrate how these datasets are acquired and used. The
six framework types discussed in the previous article and descriptions
of typical data types and sources of the Kent Fire Department are listed
in Table 1 on page 41. For more detailed information, please read that
article at ArcUser Online (www.esri.com/arcuser).
Introduction to Special Datasets
There are datasets necessary for public safety activities that do not fit
into framework categories discussed in the previous article. These are
extensive datasets that responders use daily for mapping station locations, recent incidents, coverage areas, and protected values. Many nonframework or loosely connected datasets have also been included in this
second group, which we will call special data.
40 ArcUser Fall 2010

The scope, content, and sources of special data vary considerably.
Many special datasets are generated and maintained by local jurisdictions using locally defined formats, styles, and standards. While framework data is closely aligned with FGDC standards for accuracy, scale,
and completeness, special datasets are much more free form. These
datasets typically meet the needs and answer concerns of one or several
agencies. Their structure is typically defined by commercial software
and data providers. Computer-aided dispatch (CAD) and fire service
record management systems (RMS) are two closely aligned datasets
that often vary considerably between jurisdictions, so sharing special
data is not always easy.
The National Fire Protection Association (NFPA) recognized the
need for guidelines and standards for special data. NFPA recently
formed a committee to evaluate domestic and international public
safety data sharing needs. The Committee on Data Exchange for the
Fire Service is now reviewing
and preparing recommendations,
7 Categories of
 Facilities
guidelines, and standards for
Special Data
 Infrastructure
public safety data. In this article,
special data has been divided into
 Location and description
seven categories that will each be
 Demographics
discussed separately. To provide a
 Hazards
real-world example, the strategies
 Historic risk and program
and sources used by Kent Fire
 Modeled and derivative
will be described.
www.esri.com
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Your

Fire Engine?

Dataset

Description

Source

Transportation

High-quality streets for time-based geocoding
and incident geocoding

Kent Public Works, King County, TIGER 2009

Cadastral

Assessor parcels with complete attribution

King County Assessor

Washington Public Land Survey System (PLSS)

Washington Department of Natural Resources

Orthoimagery

High-resolution orthoimagery

Commercial providers

Political units

City, district boundaries, and urban growth areas

State, county, and municipal data providers

Elevation

10-meter digital elevation model

U.S. Geological Survey

6-foot LiDAR

Puget Sound LiDAR Consortium

Stream centerlines, water body polygons, flood maps

U.S. Geological Survey and FEMA

Hydrography

Table 1: FGDC framework datasets
Essential Facilities
Facilities—Essential and Critical
Facilities are locations and resources. Although they are usually fixed,
they can sometimes be mobile. They contribute to or are affected by
emergency response and public safety activities. Facilities can be divided into two subgroups: essential facilities and critical facilities.
Essential facilities include services (e.g., apparatus, equipment, and
personnel) to provide public protection and effect an emergency response.
Critical facilities are major recipients of emergency assistance and have
special needs during an incident. However, facilities are not always only
essential or critical. A particular facility, such as a school, might fall under critical rules during one emergency, such as an evacuation or a safety
lockdown, but during an evacuation sheltering scenario might perform an
essential function. Table 2 contains a short and intentionally incomplete
list of essential and critical facilities. Use local expert knowledge and
intuition to add more valuable datasets to these lists.
Each of these facilities requires mapping and on-site assessment to
determine the role, effectiveness, and interplay of these resources during an emergency. Facilities are often mapped as location points or parcel/building footprint polygons. Attribution varies by jurisdiction and
facility. Fire stations include apparatus and staffing; schools list student
and staff occupancies and available evacuation resources. As a critical
facility, a hospital might list typical patient and staff occupancies, areas
with special evacuation needs, and hazardous or controlled substances.
As an essential facility, resources for trauma service, patient handling,
and medical quarantine might be listed.
Kent Fire maps essential and critical facilities at the parcel and building footprint level. For location points, aerial imagery allows points to
be placed at front doors or street entrances for facilities such as fire stations. Attribution varies by facility type. Essential facility data includes
available resources, such as equipment and personnel, contact information, and staffing schedules. Critical facilities information includes
populations at risk, temporal occupancy data, contact information, and
emergency response plan links.
Infrastructure
Infrastructure can become a very broad category. In the fire service,
water for fire suppression quickly comes to mind, but there are many
more infrastructure players to consider. Table 3 lists several infrastrucwww.esri.com

Fire stations
EMS facilities
Emergency operation centers
Hospitals, medical centers
Medical resources
Airports
Emergency landing zones
Evacuation centers

Critical Facilities
Public buildings
Hospitals and medical centers
Public transportation centers and systems
Convalescent homes and care facilities
High-occupancy residential complexes
High-hazard industrial, commercial sites
Other high-risk sites that have a history of
frequent response
Historic and culturally significant structures and sites

Table 2: Some examples of essential and critical facilities
ture types and the associated datasets that are important for Kent Fire.
The Kent Fire Department maintains a close relationship with the Kent
City Public Works Department, the primary water provider within the city.
Data is updated and shared regularly, and neighboring water companies
provide hydrant location and testing information. Prefire plans include information about buildings with sprinkler systems.
Emergency communications are managed by Valley Com, a regional center located in Kent’s southeast suburbs. The communications links between
agencies are tested regularly and are always improving. The regional center
maintains call lists and radio frequency information for commercial service
providers and utility employees who often participate during emergency
Continued on page 42
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drills. The Kent Fire Public Information Office has developed excellent relationships with the media and citizens in the fire district.
Kent Fire supports close relationships with commercial utility providers throughout its jurisdiction. Appropriate information is carefully
shared and incorporated into emergency response plans. Utility data
often includes secure, private information, so special arrangements between the two organizations protect sensitive information.
Fire Suppression Water Supply
Type

Example

Water sources and
storage

Reservoirs, wells, tanks, and towers

Water distribution
system

Pipes, pumps, valves, pressure
regulators

Water delivery
systems

Fire hydrants, fixed fire protection
(sprinklers)

assessor parcels, building footprints, building permits, and field inspections keeps this data current. Kent Fire uses this point data as the source
for its first order incident geocoding address locator because this data
places incident points directly on the involved structure.
Demographics
Demographic data is often the best way to identify which resident
populations are at risk. The U.S. Census Bureau updates block-level
statistics every 10 years. It is 2010, and Census 2000 data is out of date
in many parts of the country. Kent and other agencies anxiously await
the release of this 2010 data. In the interim, locally collected summary
Kent Fire analysts use
risk maps to compare
primary station response
capabilities to urban,
suburban, and rural areas
within the district.

Communications
Type

Example

Emergency services
communication

CAD center, emergency operations
center, repeaters, portable and fixed
radios

Public telephone

Land line and cell towers

Utilities
Type

Example

Culinary water

Location, quality, and security,
emergency backups

Electrical service

Distribution systems, service areas,
emergency backups

Gas service

Distribution systems, service areas,
emergency shutoffs and shutdown
procedures

Sewer, storm sewer
system

Collection systems, treatment facilities,
environmental sensitivities

Table 3: Infrastructure types and datasets
Location and Descriptive Information
This category can become a catch-all for a variety of data. It is sometimes difficult to distinguish between a critical facility with very special
needs and a target hazard exhibiting lesser hazard or risk. This data has
location or position information that is important to public safety mappers. Data types are typically points or polygons. Data sources can include assessor parcels, fire preplans, Environmental Protection Agency
(EPA) inventories, or similar datasets.
Important location-based data might include
 E-911 address points
 Target hazards
 Cultural values
 Areas of critical environmental concern
Kent Fire works closely with the King County E-911 office to maintain a complete, current E-911 point set. Information collected from
42 ArcUser Fall 2010

Kent Fire Station 73, located
in the southwest corner
of the district, protects
residential and commercial
occupancies along a major
interstate highway.
information is used to update census population counts. Many regional
associations of governments estimate annual population increases for
municipalities, but it is much more difficult to determine growth within
special districts that do not match city boundaries. Growth studies often
use Traffic Analysis Zone (TAZ) projections to estimate future population in reasonably small areas. At the local level—and until Census
2010 data is released—emergency service planners use a variety of spatial and tabular information to update current populations and estimate
future growth.
Sources of demographic data might include
 U.S. Census Bureau
 Community census updates
 Business statistics
 Building permits (both issued and finalized)
 Planning and community growth projections
 Local expert knowledge
At Kent Fire, GIS analysts filter current assessor parcel data to
separate single family from multifamily dwellings. Building permits, fire preplans, and housing authorities provide multifamily
data including unit counts and occupancy rates. Once the unit count
www.esri.com
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One year’s incidents, mapped and symbolized by type, provide excellent benchmarks to analyze response effectiveness and identify regions where very high
incident loads might overwhelm assigned resources.
is established, Census 2000 block records provide typical family
composition throughout the jurisdiction. Population summaries are
performed at the census block level and compared to city- and districtwide estimates for validation.
Hazards
Hazard data often comes from various federal, state, and local sources.
Typical hazard types might include
 Commercial and industrial hazards
 Cultural hazards
 Natural and environmental hazards
 Land use and land cover (existing and proposed)
 Zoning (existing and proposed)
Kent Fire maps and analyzes many sources of hazard data, including
Federal Emergency Management Agency (FEMA) floodplain mapping,
parcel-based occupancy data, EPA hazardous substance inventories, insurance service data, and site inspection notes. Earthquake, lahar (volcanic mudflows), terrain, slope failure, and other hazards come from
U.S. Geological Survey, the Washington State Department of Natural
Resources Geology and Earth Resources Division, and private studies. Hazardous inventories and substances on-site are mapped from
EPA Tier II (chemical inventory) data, Superfund Amendments and
Reauthorization Act (SARA) Title III material safety data sheets, and
www.esri.com

site inspections.
The department protects a major interstate highway corridor,
two major railroads, and the second largest warehouse facility on
the West Coast of the United States. Hazardous substances that are
being stored or transported in the county are monitored through shipping documents and on-site storage information. Kent Fire supports a
geographically distributed and highly trained Hazmat response team.
King County and Kent City land-use and zoning maps identify areas
where hazardous occupancies often cluster.
Historic Risk and Program Data
For many emergency service agencies, the number one item on a special
data list has been historic incident and response data. This information
is essential for mapping response activity, measuring performance and
risk factors, and assessing program development. Emergency service
mappers geocode and analyze incident response data to understand program effectiveness, overload, and limitations. Incident-level data provides an incident location, incident type and severity, and time stamps
that monitor the overall incident from call received to call complete.
Apparatus-level records include time information for each responding unit including when it is notified, how long it is en route, time spent
on the scene, time when the scene is released, and the time in service.
Continued on page 44
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Apparatus data identifies the response time and capabilities of the first unit on scene and tracks the arrival
and departure of all dispatched units. Postincident
analyses recall when full concentration (i.e., sufficient apparatus) and a full effective response force are
reached at the scene. Historic incident data reveals
possible gaps in service in space and time. It provides
invaluable baseline data for program tracking and
modification, including performance studies, growth
analysis, and public awareness/reporting. Incident
analysis is a fundamental piece of the Standard of
Coverage (SOC) study, now performed by many
agencies to measure level of service and demonstrate
to government officials and the public that the department is effective.
Risk and program data typically includes
 Historic emergency responses (by incident and
apparatus)
 Fire inspections and preplans
 Special studies
The Kent Fire Department obtains incident data
in real time from Valley Com. All information is
transferred into the department’s RMS for inspection.
Incident density, or “hot spot,” maps show where fire, explosion, and hazardous materials
Once addresses are standardized, call types confirmed,
and time stamps verified, the incidents are geocoded, incidents occur with greatest frequency.
mapped, and analyzed. In 2009, Kent Fire was reacAs they assemble information, Kent GIS analysts apply many stancredited by the Center for Public Safety Excellence (CPSE). Historic dard and innovative workflows to analyze data. They will compare and
incident data, analyzed to demonstrate agency performance and im- contrast data reflecting value, hazard, and risk with levels of protection.
provement, played a key role in the reaccreditation process. Kent Fire They monitor growth within the community and carefully plan for toalso monitors risk through special studies, including multiple responses day’s operations and for the future.
to the same address, suspicious fires, and frequent false alarms. These
Recent ArcUser articles include many examples of public safety modstudies guide fire operations planning and fire prevention programs.
eling that use actual data provided by Kent Fire and address topics such
as the fundamentals of planning, preparedness, response, and recovery;
Modeled and Derived Data
the use of data for master plans and capital facility plans; planning operaAfter obtaining and validating a variety of framework and spatial data- tions; and assessing and presenting performance measures.
sets, public safety GIS analysts create even more data. These derived
On April 27, 2010, southern King County voters approved a proposidatasets might include
tion that merged the Kent Fire Department and Fire District 37 into a new
 Primary station response areas
Kent Regional Fire Authority (RFA), effective on July 1, 2010. The new
 Emergency response
Kent RFA continues to provide the highest level of fire and emergency
 Operation plans
medical service throughout the cities of Kent and Covington and in unin Mutual, automatic aid relationships
corporated areas of King County previously within Fire District 37.
 Growth analysis
 Capital facility plans
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Issue

Under Construction: Building and calculating turn radii

Winter 2010

Run Order: Modeling and mapping public safety arrival orders

Fall 2009

Do It Yourself: Building a network dataset from local agency data

Summer 2009

Convincing the Chief: Proving that time-based networks really work

Spring 2009

Using 9.3 Functionality and Scripts: Calculating transportation network slope and travel parameters

Winter 2009

Recent ArcUser articles on performing public safety modeling
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From Design to Deployment
ArcGIS 10 apps in the cloud

By Brian Noyle and Dave Bouwman, DTSAgile

Editor’s note: In the last issue of ArcUser,
the authors described some of the Flex API
customization work they have done for the
U.S. Department of Agriculture Forest Service
Forest Health Technology Enterprise Team
(FHTET) in “Remix Those Sample Viewers:
Elevate your RIA and stand out from the
crowd.” This article details work they have
done on applications that make FHTET
information more accessible internally and
externally.
Historically, the FHTET team has collected and analyzed data describing the effects
of major forest pests on the landscape and
disseminated this information through an annual hard-copy report. This article describes a
custom application the team deployed to the
cloud to make this information available to a
wider audience.
While GIS and hard-copy maps play a
role in the preparation of the FHTET report
on the effects of major forest pests, this
static report does not fully leverage the data
exploration and analysis tools available from
today’s GeoWeb applications. A current software development initiative is using ArcGIS
Server 10 and the Flex API to create a series
of rich Internet applications (RIAs) facilitating the distribution of information on forest
health to a variety of audiences. In addition,
the FHTET team elected to use this initiative
as a test bed for assessing the ease and speed
with which custom applications can be deployed to the Amazon Web Services (AWS)
cloud with ArcGIS 10 for greater scalability
and convenience.
Given the richness of the FHTET data and
the desire for novel user experience (UX) elements in the applications, FHTET has elected
to pursue a fully custom Web implementation
based on Esri ArcGIS Server 10 and the Flex
API with many custom widgets and extensions of the DynamicMapServiceLayer. We
have based our implementation on our considerable experience in customizing Esri’s Flex
Starter Kit to produce a template that will
now serve as the starting point for many
Flex-based applications leveraging ArcGIS
Server 10.
The Forest Pest Conditions Viewer
A FHTET Forest Pest Conditions Viewer
public application (fhtet.dtsagile.com/fhtet/
Flex/FPC#) was first developed to help public
www.esri.com

Bar charts prominently displayed across the bottom of the map show the acreage and
number of counties affected by each pest.

Regional view in the USDA Forest Service
Pest Conditions Viewer showing acreage and
counties affected by four major forest pests
	Pest incidence trend charts and information
on individual pests are available from widgets in
the FHTET public viewer.
Continued on page 46
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users explore the impact of many forest
pests for different forest service regions. The
quantities and types of pests displayed in the
Flex application can be configured by each
forest service region so that users can see
the “top” pests for a given region, based on
the decisions and experience of forest health
professionals.
Because the application is designed
primarily as a data exploration tool, only
minimal interaction is required of the user.
Once a region, state, or county is selected,
the application makes a service call to get
updated data as JSON and renders the results
for the user. Region and county selection
can be done on the map or from pick lists
in the search pane located on the left side of
the page. Bar charts prominently displayed
across the bottom of the map show the acreage and number of counties affected by each
pest. Data summaries and links to external
information are also provided in the dockable
left pane. A function that generates a chart
showing pest damage trends for all years
in the system is included in the tabular data
summaries. Users can also view information
on specific pests, generate preformatted pest
reports, and export raw data in CSV format.

Forest disturbance mapping using custom
map layer implementations
The Disturbance Mapper
In addition to the public data explorer, FHTET
has deployed a secured Disturbance Mapper
Application designed to use remotely sensed
data for detecting the presence of pests in the
landscape. The application is targeted at individuals who perform statewide and regional
flight planning for aerial pest surveys. Its goal
is optimizing flight planning and reducing
total costs for aerial pest surveys by allowing
planners to target areas of interest through map
exploration in a Web browser.
Areas of interest for pest surveys are
identified based on change detection data
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Local ArcGIS
Server

ArcGIS Server in
Amazon
Copy and
update config.

Application
Tabular
Data

SQL Server

Detach, copy
attach
database

Export to file
geodatabase
and copy

Application
Tabular
Data

SQL Express
Read Only
Layers

All
Layers

ArcSDE Enterprise
SQL Server

File Geodatabase
Export to XML
workspace, copy,
and import

Editable
Layers

ArcSDE Workgroup
SQL Express
Copy, reset
data sources

Map Documents

Map Documents

Diagram illustrating migration of an
on-premises application to the cloud
from Moderate Resolution Imaging Spectroradiometer (MODIS) preprocessed imagery.
Custom map layer extensions for extending
the DynamicMapServiceLayer have been
implemented that allow flight planners to
adjust threshold settings on the change detection imagery to view differences in forest
green-up and senescence that signal the presence of tree stressors.
Migrating to the Cloud: It’s as Easy as…
As this article was being written, Esri announced the availability of a cloud-based
solution for ArcGIS Server. Based in the
AWS cloud, this deployment option provides
Amazon Machine Images (AMIs) preloaded
with ArcGIS Server for Esri customers who
want quick deployment, scalability, and flexibility in their GIS infrastructure.
What do we—as architects and developers—need to know to be ready to deploy our
custom ArcGIS Server apps to the cloud?
The first thing you need to know is that the
process is just plain easy and will require
just a few tweaks of your normal deployment patterns for custom apps built against
ArcGIS Server. The accompanying diagram
maps major system components in a typical
example of an ArcGIS Server solution to
major system components used in an ArcGIS
Server 10/AWS cloud implementation.
Once an ArcGIS Server 10 AMI has

been launched in the Amazon cloud and sufficient storage space has been purchased and
configured, the deployment of an on-premises
application to the cloud is very straightforward. After RDP-ing [i.e., using remote
desktop protocol] to the running AMI, the
developer simply pulls in the deployed application (via FTP or using copy/paste for small
items) and updates any configuration settings.
The DBMS instance (Microsoft SQL
Server in our example) supporting the application is detached from the on-premises deployment database server, copied to the AMI,
and reattached as a SQL Express instance
(still well under the 4 GB size limit).
In our deployment of this application, we
split our geodatabase into operational and
base layers. Base layers that do not get edited
are stored in a file geodatabase on the AMI,
guaranteeing acceptable performance, while
operational layers that are editable are stored
in an instance of ArcSDE Workgroup on SQL
Server Express.
Finally, any map documents required to
support the ArcGIS Server map services are
copied to the AMI, and the data sources are
reset to reflect the new data locations. It is
really just that easy and straightforward.
What About That Data Thing?
Some readers may be asking themselves why
our migration story splits a perfectly good
enterprise geodatabase running against SQL
Server into a file geodatabase and workgroup
instance of ArcSDE. The answer is that
enterprise geodatabases are supported by
another type of AMI in the cloud. For our test
bed project, another AMI meant more money.
In addition, the enterprise geodatabase AMI
is PostgreSQL based. While the migration
process does not involve any magic, it would
have required a little more time and effort to
get our tabular data in there, so we elected
to store static layers in a file geodatabase
to guarantee acceptable performance and
store editable layers in a workgroup ArcSDE
instance running against SQL Express on our
existing AMI, which was safely under the
4 GB file size limit. There are no tile caches
used in this test bed deployment.
Conclusion
The cloud-based deployment available under
ArcGIS 10 is sure to present an excellent
option to organizations that have wished
for more scalability and flexibility in their
existing ArcGIS Server infrastructure. Our
experience to date has shown us that, for
www.esri.com
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organizations where rapid deployment is
critical, ArcGIS Server AMIs can be deployed
in approximately 20 minutes (exclusive of the
time needed for data and application loading
and configuration). The ability to create additional AMIs from an already configured instance, when coupled with the Amazon Load
Balancer, means that gaining capacity rapidly
when necessary is a real benefit of this new
development in the Esri product stack.
This scalability on demand, when viewed
against the backdrop of the typical software
and hardware procurement process in many
organizations, is a very real benefit. Furthermore, the flexibility this provides to organizations, through the capability to deploy
this additional capacity on demand—rather
than having multiple ArcGIS Servers sit idle
awaiting the next emergency response event
or natural disaster—reinforces this benefit.
About the Authors
Brian Noyle, originally trained as a global
change biologist and tundra botanist, has
nearly 10 years of experience as a GIS
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software developer and architect. His professional and technical interests are primarily
focused on moving clients toward more standard architecture and development practices
and patterns to facilitate a closer integration
of GIS with the standard IT enterprise. Noyle
has extensive experience in full software life
cycle management with a focus on delivering
through Agile project management methods.
Dave Bouwman has been designing and developing GIS software for the last 12 years,
with projects ranging from small Web sites
to statewide enterprise forest management
systems. Over the last few years, he has
been leading a team of developers in the
pursuit of great software built in a sane
manner. The combination of an Agile process with pragmatic development practices
taken from extreme programming has led to
a highly optimized methodology of creating
solid software.

Develop a Connection
Nationwide event for
geospatial developers
Demonstrate your application or
framework, present your ideas, share
your experiences, and connect with
other developers interested in geospatial technology. Developers of all levels
and expertise are invited to Dev Meet
Ups. These free events will take place
at cities across the United States between now and May 2011. To find out
about a meet up near you and register,
visit www.esri.com/dev-meetup.
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M PPING

NUTRITIONAL
TERRAIN

Identifying
food deserts in
Lansing, Michigan
By Kirk Goldsberry and Sarah
Acmoody, Michigan State University

A team of researchers and GIS analysts at
Michigan State University (MSU) is devising
new methods to identify food deserts and visualize the “nutritional terrain” of American
cities at precise spatial resolutions.
A food desert is defined as an urban area
with little or no access to nutritious foods.
Residents living in food deserts are more
likely to be overweight and have other dietrelated health problems such as diabetes or
hypertension. Unfortunately, these areas are
both detrimental to public health and becoming more common in urban food landscapes
that are increasingly dominated by fast food
outlets and less well served by supermarkets
and grocery stores.
As part of the nationwide Let’s Move
campaign, America’s First Lady, Michelle
Obama, has initiated a movement to eradicate
America’s food deserts in the next seven years.
While it is clear that food deserts are an important public health problem, it is less clear how
to best identify them. Before food deserts can
be eradicated, they must be located. Consequently, there is an emerging need to identify
nutritionally at-risk zones and visualize nutritional inequalities within cities.
Although many previous investigations of
48 ArcUser Fall 2010

Researchers measured the number of produce items that are accessible by pedestrians given a
10-minute travel time.
urban food environments have employed GIS,
few studies have taken advantage of the more
advanced capabilities of the ArcGIS suite.
The MSU research team saw an opportunity
to combine the abilities of intensive field data
collection and the ArcGIS Network Analyst

and ArcGIS Spatial Analyst extensions to accomplish two goals. The first is to quantify
realistic intraurban measures of nutritional accessibility. The second is to visualize complex
fresh produce accessibility patterns to reveal
nutritional inequalities within urban areas. The
www.esri.com
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results of this analysis can enable public health
officials and legislators to better understand
how the interactions of the built environment
and retail food landscapes can threaten the
collective nutrition of urban neighborhoods.
Using commercial data purchased from
Esri and supplemented with Internet searches, phone book listings, and on-the-ground
searches of local streets, researchers visited
every local retailer that sold fresh produce
in the Lansing, Michigan, metropolitan
area. These sites ranged from supermarkets
that carried over 200 unique produce items
to convenience stores or even liquor stores
that offered only one or two produce items.
The team visited each location and sampled
its entire produce inventory. The result was
a produce geodatabase that stored the locations and produce inventories for each of the
94 produce retailers surveyed.
Due to the diversity of retailers’ inventories and the nature of the built environment,
every produce item has its own accessibility
signature. Prevalent produce items offered at
many locations, such as bananas, serve more
geographic zones than more obscure items
offered at fewer locations, such as kiwis. The
team used Network Analyst to model both pedestrian and automobile accessibility to each
of the 447 individual produce items. The service area function within Network Analyst enabled the team to determine locations within
a 10-minute journey for both pedestrians and
automobiles to every produce item available
anywhere in Lansing.
Individuals with access to automobiles
have greater retail mobility than those who
are limited to other modes of transport, especially walking. The team measured travel
costs for both drivers and pedestrians in
terms of estimated travel time, as opposed to
Euclidean or Manhattan-block (i.e., rectilinear distance) distances.
Walking times were formulated by simply
dividing the length of the optimal network
route (in miles) by an average walking speed
(three miles per hour). The drive cost assumed
that automobile velocity on the road network
was at or slightly below speed limits and assigned each road link in the study area an impedance value based on the functional class of
the road (road data from Michigan Center for
Geographic Information).
The researchers then calculated automobile
accessibility signatures outward from retail lo-
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cations. Service areas extend from a central
point, which in this case is a retailer carrying
a specific produce item with a specified radius
(10 minutes). Portions of the service area are
served and have access to the retail location,
while areas that fall outside the area are not
served and do not have access. By overlaying
all 447 individual item accessibility layers, the
team could produce a cumulative estimate of
the number of unique produce items available
within a 10-minute journey (either walking or
driving) from any point within the study area.
The results reveal two kinds of nutritional
access inequalities: general spatial inequalities and mobility-based inequalities. This
analysis revealed stark spatial inequalities in
produce accessibility across the metropolitan area. Some areas have abundant access to
fresh produce, while other areas have little or
no access. Results also reveal that these inequalities are amplified for consumers without access to automobiles. Most locations in
the metropolitan area are within a 10-minute
drive to scores of individual fresh produce
items. However, most locations in Lansing
have no produce items within a 10-minute
walk. In general, pedestrian produce access
appears patchy on the map. In Lansing’s most
densely populated areas, most people have
inadequate nutritional access. Consequently,
food deserts disproportionately affect individuals without automobiles.
As interest in food environments continues
to increase, the role of GIS and nutritional terrain mapping should also increase. The results
from this project demonstrate that GIS can
help public health officials visualize the nutritional terrain and understand the complex interactions between the built environment and
access to nutritious foods. Furthermore, the
results indicate that while some parts of a city
may enjoy ready access to hundreds of nutritious items, other parts of that city may have
no access it all. Because the nutritional terrain
varies considerably within an urban area, the
problem must be addressed at appropriate geographic scales.
For more information, contact
Kirk Goldsberry
Assistant Professor of Geography
E-mail: kg@msu.edu
or
Sarah Acmoody
GIS Analyst, RS&GIS
E-mail: acmoodys@msu.edu
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EXPLORING Food Environments
Assessing access to nutritious food
By Karen Richardson, Esri Writer
“GIS has a lot to contribute to discussions
about how people access food, recreation,
and other human needs,” according to Jim
Herries, a product engineer for cartography at
Esri who has been working on mapping access
to healthy foods.
Because diet has a direct effect on health,
people who eat nutritious foods have a lower
propensity for diabetes, obesity, and other
diseases and chronic conditions. If access to
nutritious food is limited or made difficult by
factors such as cost or the distance traveled to
obtain it, a population can be adversely affected. Areas that lack relatively easy access to nutritious, affordable food have been described
as “food deserts.”
“It’s a very useful thing to draw a map of
where people are and the types of food available around them. You look at that map and
wonder, are people getting what they need?”
said Herries. “Esri decided to look into ways
that GIS could help people look a little deeper
to see how things differ from neighborhood
to neighborhood. And we’d like to do this in
a way that is relatable to the existing studies
in literature and provides an opportunity for
communities to improve the quality of life for
the people who live there.”
Early attempts at mapping the food environment used geography aggregated at high
levels and simple methods for measuring access to food. “The question is, is this really an
accurate representation of what is out there?”
said Herries. “One thing I know for sure is that
we can use GIS technology and data to define
distance a bit better than what we’ve seen
historically.”
Instead of measuring distances as simple
rings or “as the crow flies,” GIS can look at distance over a road network. It determines how
many people live within the prescribed distance of the grocery store based on travel over
streets. Using actual street network topology
more accurately models time and distance and
produces more reliable results. Even the best
optimization algorithms will generate grossly
inaccurate results if the underlying time and
distance measurements are not correct.
How Would a Crow Walk (or Drive)?
Herries’ analysis used a logical network that
incorporated information about the topology
of the network so that overpasses, underpasses,
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This map answers the question, How many residents in this neighborhood live within a walkable
distance of a supermarket? for several areas of Cincinnati, Ohio. Green dots represent populations
living within one mile of a supermarket. Red dots indicate populations living in areas that require more
than a one-mile walk to a supermarket.
one-way streets, speed limits, and turn restriction conditions could be accurately modeled.
To assess the food environment of an area,
Herries generated an origin-destination (O-D)
matrix that provided the cost (in time or distance) associated with travel from one location
to another. In this case, the cost was the time
required to drive or walk from the shopper’s
location to the nearest grocery store. Street
data that included attributes for speed limits,
one-way streets, and barriers was combined
with starting and ending locations to generate
an accurate O-D matrix.
The travel time computed by applying a
shortest-path algorithm to a street network
dataset realistically models the characteristics
of the route traveled and avoids unrealistic
scenarios like driving across water bodies or
through areas with no roads.

Moving Analysis to a Useful Scale
Historically, many studies of food access have
used census tract-level population data because
this is a convenient geographic unit. However,
census tracts have an average population of
43,000—hardly the size of a typical neighborhood. Smaller geographic units are available:
census block groups and census blocks. On average, block groups contain 1,500 people, and
blocks contain 40 people. A block group is the
smallest geographic unit for which the U.S.
Census Bureau publishes sample data. Major
retailers use block group and block data in GIS
analyses of markets, sites, and competitors.
Instead of using census tracts, Herries
looked at block data. He looked at how many
grocery stores existed within a 10-minute walk
of each one of the eight million census blocks in
the United States. The results were summarized
www.esri.com
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This map of Southern California, displayed
in ArcGIS Explorer Online, shows average annual
household expenditures on food consumption at
home based on the Consumer Expenditure Survey.

The ratio of dollars spent on food at home
(groceries) versus dollars spent away from home
(restaurants) is symbolized for the same area of
Southern California.

at the block group level to show the minimum
distance to the nearest store and the number of
stores within a 10-minute travel time, whether
walking or driving. The results of this analysis
made the borders of food deserts obvious. For
example, at the block data level, it is clear that
freeways are a barrier for people walking to a
grocery store from a population center.
The Healthy Food Access Score
Herries, along with a team of Esri staff members, developed a score that could be used to
evaluate the food environment for an area.
They had noticed a trend in food desert research
that made a lot of sense: researchers rated, or
scored, each census tract based on criteria to
define the boundaries of food deserts.
Recognizing that defining what “good
food” is and is not had broad implications,
the Esri team started with two basic questions
about accessibility: How many supermarkets
are accessible by people on foot? and How
many supermarkets are accessible by people
by car? The supermarket walk score represented the number of supermarkets that were within a one-mile walking distance. The supermarket drive score represented the supermarkets
that were within a 10-minute drive. The health
access score is a blend of these two scores,
factoring in additional demographic information relating to households living in poverty
and households without a vehicle. The criteria
www.esri.com

are consistent with previous studies, but the
data used is more accurate and the technology
applied more advanced. The Healthy Food Access Score incorporated analysis of eight million census blocks, the road network for the
United States, and 26,000 grocery stores that
had annual revenues of $1 million or more.
This scoring approach is flexible because
walking and driving parameters can be adjusted up or down. “It’s all about where you draw
the line,” said Herries. “Someone ambitious
could even set up a distance or drive-time parameter for every store in the analysis, which
is what many retailers do.”
Opportunity in Adversity
Herries determined that approximately
80 percent of the households in the United
States have good access to healthy food. Conversely, 20 percent of U.S. households have
poor access to good food. Based on this criteria, there are 23 million households (or approximately 62 million people) that are un-

derserved. Food deserts are not just an urban
problem. Thirteen percent of the nation’s more
than 3,100 counties qualified as food deserts.
According to a 2007 study done by Lois
Wright Morton, who studies rural communities at Iowa State University, and Troy Blandhard, a Louisiana State University sociology
professor, food desert counties are common
from Montana to North Dakota and continue
along a band that stretches south to the western half of Texas.
According to the grocery industry, a grocery store needs 30,000 square feet for every
10,000 people to maintain profitability. Herries’ data shows a significant business opportunity in this industry. For underserved rural
populations to obtain good food access, new
grocery stores will need to be built or existing
grocery stores remodeled. Policies such as the
Healthy Food Financing Initiative may help
bring grocery stores and other healthy food retailers to underserved communities, both rural
and urban.
Continued on page 52
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The food deserts group on
ArcGIS.com (www.arcgis.com)
was started for anyone interested
in studying food deserts and their
relation to other topics, such as
poverty, obesity, and other health
concerns. Visitors can view maps
on food access and expenditures.

Putting Data to Work
Dr. Angela Odoms-Young, an assistant professor of kinesiology and nutrition at the University of Illinois, Chicago, stresses that investigating food deserts should be used to improve
the food environments in these areas, not chalk
up another negative mark against particular
neighborhoods. “As a researcher, if a food desert is something policy makers hear and they
want to do something about, I’m in support of
it, but as a community member, it’s another
negative thing about the place where I live.
It’s not the need that brings in the resources;
there’s got to be an and. There’s a need, and
there’s an economic opportunity.”
The business community agrees. “It’s time
for action,” said Alan Hunt, senior policy associate at the Wallace Center at Winrock International. “What is needed is a set of coordinated, community-based activities across the
country, including outreach to existing corner
stores, incentives for locating new retail stores,
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public transportation improvements, farmers’ market development, nutrition education,
and other activities to improve food access.”
The Wallace Center is a national nonprofit
that supports entrepreneurs and communities
in building a food system that is healthier for
people, the environment, and the economy.
Food access data is particularly relevant,
as many large retailers and grocery store
chains analyze where to locate new stores in
the same way. Edens & Avant, which owns,
operates, and develops community-oriented
shopping centers throughout the East Coast,
aligns the best mix of retailers (e.g., Fresh
Market, Whole Foods, and Publix) with
neighborhood needs and market opportunities using GIS and geographically referenced
demographic information.
Continuing the Discussion
Herries started the Food Deserts group on
Esri’s ArcGIS.com (www.arcgis.com) for

anyone interested in studying food deserts and
their relationship to other topics such as poverty, obesity, and other health concerns. (The
ArcGIS.com Web site allows anyone to create
maps, find and use maps, use Web mapping
applications, and share maps and applications
published by Esri and the ArcGIS community.)
Herries has placed the Healthy Food Access
Score and other related maps on the site.
About the Author
Karen Richardson has been at Esri for almost
18 years, serving in various capacities in sales
and marketing. She is currently a writer in the
marketing communications department, specializing in the use of GIS in commercial business and the map, data, chart production, and
spatial data infrastructure (SDI) communities.
She edits the Esri newsletters BusinessGeoInfo,
Compass Points, and Smart Facilities.
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Troubleshoot Joins
ArcGIS 10 tool identifies join errors beforehand
In ArcGIS 10, it is easier to avoid common
problems encountered when creating a join
between two tables in ArcMap.
The most common reason for joining tables
is to display nonspatial data in ArcMap. For
example, you might have a layer containing
point features that supply the location of cities
and a separate table with characteristics about
those cities, such as population or spending
habits, that you would like to symbolize on
the map. There are two kinds of joins: spatial
and tabular. A spatial join is based on the location of features in two layers. A tabular join is
based on a field common to both tables. Validate Join deals only with tabular joins.
The Validate Join button, available when
Join attributes from a table is selected on the
Join Data dialog box, triggers analysis of the
two participating datasets to determine if

 There are nongeodatabase Microsoft Access tables
If these problems are present in the tables
to be joined, ArcMap can display null values in
attribute tables or report misleading selection or
record counts. Validate Join analysis checks for
invalid characters when analyzing coverage data
but excludes these character symbols: the number sign (#), the dollar sign ($), and the hyphen
(-). It also excludes the period (.) when checking
for invalid characters for ArcSDE softwareconnected data. However, it will report the
presence of these characters as well as the
number of matching records for the join.

The Validate Join tool
reviews four common
sources of table join errors.

The Validate Join button
was added to the Join Data
dialog box at ArcGIS 10 to
troubleshoot joins before you
make them.

 Any ﬁeld names start with an invalid
character (`~@#$%^&*()-+=|\\,<>?/
{}.!’[]:;_0123456789)
 Any ﬁeld names contain an invalid character (`~@#$%^&*()-+=|\\,<>?/{}.!’[]:;)
 Any ﬁeld names match reserved words
based on the underlying DBMS (For
example, in Microsoft SQL Server,
COMMIT and ROLLBACK are reserved
words.)

www.esri.com

After analyzing the two datasets, Validate
Join generates a report on its results.
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10 WAYS ArcGIS 10
2

1

3

4

5

6

Improves Productivity

This release is all about helping you get more done and get it done more quickly and easily.
Find maps, data, tools,
and symbols quickly.

5 Map and analyze time-aware
feature classes.

The new Search window lets you manage
a local index with links to geographic data,
map documents, and geoprocessing tools.
System geoprocessing tools are always
indexed. You can add searchable keywords to
metadata, maps, and user geoprocessing tools
for instant access without browsing. Find
symbol styles quickly with the Symbol Selector dialog box.

ArcGIS 10 supports time awareness in layers.
Maps with time-aware layers can be displayed
at a moment in time or visualized over time
using the time slider.

1

Automate map production
workflows with Python scripting.
2

Python scripting at ArcGIS 10 goes beyond
extending ArcGIS with generic modules and
the geoprocessing framework. The ArcPy site
package includes a mapping module for interacting with map documents. Data sources,
map series, printing, and exporting can be automated using stand-alone scripts or geoprocessing tools. The ArcGIS Resource Center
contains great examples of scripting with
arcpy.mapping.
3

Manage map series in a single MXD
with Data Driven Pages.
Create a map series from an index feature
class. Multiple pages can be generated from a
single map layout definition and an index layer
using Data Driven Pages. Using a menu, users can interactively navigate the map series
or, using the arcpy.mapping Python module,
script bulk map production workflows.
4 Use more than
750 geoprocessing tools.
Geoprocessing science continues to advance
in ArcGIS 10 with many new tools and workflow capabilities. In addition to accessing tools
in the ArcToolbox window, you can access
tools from the Catalog tree or the Search window. Tools can also be rerun from the Results
window history tree. Geoprocessing tools
can be dragged into the Python window for
scripting use or run in the background, which
keeps ArcGIS applications responsive during
geoprocessing.
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6 Integrate workflows with
ArcGIS Online Services.
Create and share layer and map packages interactively and through geoprocessing that
incorporates the data and symbology of the
source map document. These packages can be
shared as file-based resources or from ArcGIS
Online accounts, making data and published
maps available to all users.

7

Use and manage imagery efficiently.

Process raster data on the fly using specified
renderers and other processes that meet display and analysis requirements without writing new files. The Image Analysis window
manages raster layers individually or in sets
and allows you to work with image properties, radiometric bands, and pixel classifications without affecting the table of contents
properties.

Connect to spatial databases with
native queries.
8

Query and display native spatial data types
for Microsoft SQL Server 2008, Oracle, DB2,
Informix, and PostgreSQL databases (whether
or not a shape column is present) using stan-

Master of Science in GIS
at the University of Redlands

O

ur MS GIS Program is designed for an audience of professionals seeking to
improve their knowledge of the analysis and management of geographic

information. We offer both a full-time and a part-time residential program. Within the
University’s interdisciplinary learning environment, students have an unparalleled
opportunity to interact personally not only with University faculty, staff, and students
from other programs, but also with the many talented professionals at the world’s

leading GIS company, ESRI, located in close proximity to the University.
The University of Redlands, founded in 1907, is a fully-accredited, liberal arts and
sciences university. This intensive, international learning environment ensures a global
context of relevance to students from around the world. Graduates of this program
can become GIS practitioners prepared for positions such as project managers,
applications specialists, and applications software development team members.

For information call (909) 748-8128 or visit
www.msgis.redlands.edu
www.esri.com
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7

dard database client connectivity and SQL
statements. These query layers in ArcMap
support read-only display and geoprocessing
with dynamic access to the host database yet
with intelligent extent filtering and support for
Open Geospatial Consortium (OGC) standard
spatial operators in the SQL layer definition.
9

Borrow concurrent ArcGIS Desktop
licenses for fieldwork.
You can now borrow or check out a concur-

rent use desktop license for use when you are
disconnected from the network. Borrowed licenses expire after a predefined period of time,
which can be set by the license administrator.

Edit geodatabase features in
intuitive, map-driven feature templates.

10

Feature templates define the geometry type
and construction tool, default attribution, and
symbology for each feature type and are organized in the map document. If feature tem-

8

9

10

plates haven’t been created when you begin
editing, ArcGIS will create them automatically from layer definitions. These templates
can be subsequently organized as required
with names, descriptions, and tags. Because
templates persist with a map document, they
facilitate purpose-built editing of maps for efficient data automation.

Make Numeric Labels More Readable
Using table number field formatting is a quick solution
When labeling map features using a numeric field, you may need to add
some basic formatting to those numbers. Often, the formatting required
can be as simple as inserting a thousands separator character to make
values more easily read. Although you could use a labeling expression
to accomplish this effect, if you have write permission for the table used
for labeling, formatting the labeling field can achieve the same effect
more quickly and with less effort.
Changing the way numbers are displayed in tables and labels does
not change the underlying data, because this formatting is only saved in
the map layer. In addition to inserting thousands separators, this method
can be used to adjust alignment, pad a number with zeroes, include
a plus sign to indicate a positive number, and specify the number of
decimal places or significant digits that will be displayed. Follow this
These labels,
showing the
population of
various counties
in Texas, would be
easier to read with
some formatting.

To quickly
remedy this
problem, open the
table and rightclick the heading
for the field used
for labeling.

www.esri.com

Select numeric
and check the
Show thousands
separators box.

After closing
all dialog boxes,
refresh the map to
apply the changes.

simple procedure to make any of these formatting changes:
1. Open the table being used for labeling.
2. Right-click the field heading for the field used for labeling and
choose Properties. Click the ellipsis button next to Number Format.
3. On the Number Format dialog box, choose Numeric and check the
box to display a comma separator.
4. Click OK to exit all dialog boxes. Click the refresh button on the
lower left side of the map canvas to see the formatting changes.
Note: This dialog box can be used to format numbers for currency,
directions, percentages, rates, fractions, scientific notation, and angles
as well as applying a custom format.
ArcUser Fall 2010 55

gis

Bookshelf

Seven Rules for Sustainable Communities:
Design Strategies for the Post-Carbon World
By Patrick M. Condon
Reducing greenhouse gas production in North America will require
more than just building windmills or making more energy-efficient
cars. Cutting emissions by 80 percent by 2050—the avowed goal
of Canada and the United States as well as the other G8 nations—
will require transforming cities and metropolitan areas to accommodate the expected growth in population and balance the limits of
earth’s systems. After reviewing how developed societies adopted
a decentralized, automobile-dependent model of growth, the author
Patrick M. Condon, proposes seven rules for creating more sustainable communities that address transportation; making the street
network more accessible; siting schools, businesses, and services
intelligently; making sure employment is nearby; providing diverse
housing types; creating a linked system of natural areas and parks;
and investing in an infrastructure that is “lighter, greener, cheaper,
smarter.” Since its inception, GIS has been successful in helping
apply these sustainable strategies. However, as conceptualized by
Condon, this approach will only be successful if it is adopted as an
integrated system, and, again, GIS could be invaluable in enabling
the dramatic retrofitting of cities that would be required. Island Press,
2010, 200 pp., ISBN-13: 978-1597266659

The GIS Management Handbook
By Peter L. Croswell

Lost States: True Stories of Texlahoma,
Transylvania, and Other States That
Never Made It
by Michael J. Trinklein
Michael Trinklein, known for PBS documentaries (Pioneers of Television, The Gold Rush, and
The Oregon Trail), takes an irreverent look at
the states that could have been. Many statehood
movements involved carving out sections of
existing states. A remarkable number of these
schemes involved Texas (Texlahoma, Adelsverein, Comancheria, Jacinto, South Texas,
and North Texas). Others, like the proponents
of Charolotina, took the opposite tack and
suggested subsuming several states into one
giant state. Many statehood campaigns were
organized around getting something—tourists
or highways—or getting away from something
else, like taxes. Surprisingly, some statehood
movements advocated adding new states—like
Cuba and Guyana—that were independent
countries. Some lost states were the forgotten remnants of other states. In the 1840s, No
Man’s Land was a forgotten sliver of northern
Texas that lacked an affiliation with any state or
territory. Consequently, it also lacked any laws
and briefly became an outlaws’ paradise before
eventually joining Oklahoma as Beaver County.
Each lost state has an entertaining tale accompanied by a distinctive map. Quirk Books, 2010,
60 pp., ISBN-13: 978-1594744105
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This book is written expressly for GIS managers, who increasingly
must focus on the management and institutional aspects of GIS
deployment as it moves from a tool for researchers and specialists
to an enterprise technology for many organizations. While addressing management problems common to IT programs, this volume
comprehensively covers the specific challenges encountered when
implementing a GIS program. Topics covered include program
development, program organizational structure, managing human
resources, the financial aspects of GIS programs, legal issues, office
operations and service delivery, and the management of individual
projects. It highlights practices and techniques that have been successful and references many printed and Web resources. The author
is a certified project management professional (PMP), American
Society for Photogrammetry and Remote Sensing (ASPRS) mapping scientist, and GIS professional (GISP) as well as a former board
member and president of the Urban and Regional Information Systems Association (URISA). He has 30 years of experience in IT and
GIS and has worked as a cartographer, GIS manager, and consultant
on projects for public-sector organizations, utilities, and private firms
in America, Asia, and the Middle East. Kessey Dewitt Publications in
association with URISA, 2009, 320 pp., ISBN-13: 978-0982409305

Learning Python, 4th Edition
By Mark Lutz
Python has been fully embraced by Esri as the language that fulfills
the needs of the ArcGIS user community. Python extends across
ArcGIS and is the language for increasing productivity through performing and automating data analysis, conversion, and management
tasks. Esri recommends this book for beginners who are just getting
started with the Python language. It supplements the introductory
information found in the ArcGIS 10 documentation. This edition covers both Python 3.0 and 2.6. (2.6 is the version currently supported in
ArcGIS 10.) The new edition includes chapters that explain advanced
topics. Material from previous editions has been reorganized and
expanded. O’Reilly Media, 4th edition, 2009, 1,216 pp., ISBN-13:
978-0596158064
www.esri.com
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R E I M AG I N I N G
Seminal work on cartographic design reissued

Photograph courtesy of the University of Wisconsin, Madison, University Archives

Although the textbook Elements of Cartography is more widely known, Arthur H.
Robinson’s earlier book The Look of Maps:
An Examination of Cartographic Design is of
intrinsic and historic interest because it sets
out his research agenda for designing maps
based on functionality.

www.esri.com

Originally published in 1952, The Look
of Maps grew out of Robinson’s doctoral
research. Its essays explore what he termed
the three visual components of cartographic
technique: lettering, structure, and color,
which he writes “encompass most of the
aspects of a map capable to evaluation from

a visual point of view.” Through discussions
of these elements, Robinson investigates the
relationship between art and science in the
application of cartographic techniques.
In this edition, Robinson’s classic appears
much as it did in its first printing by the
University of Wisconsin Press. Readers may
be struck by the absence of maps either in or
on this book about cartographic design. The
omission is deliberate and the reasons for it
threefold. Robinson felt illustrations on how
to do things would imply a textbook—not
the book he wished to write. Also, requesting
the use of maps as examples of what not to
do would be “likely to inhibit cooperation, to
say nothing of friendship.” Finally, he firmly
believed that scientific special purpose maps
should not be examined out of context.
Robinson made substantial contributions
to the field of cartography, especially in the
area of cartographic education, through his
academic career at the University of Wisconsin, Madison, the numerous influential
articles and books on cartography that he
wrote, and his development of the Robinson
projection.
In an epigraph in both the original and
current editions, Robinson quotes American
geographer William Morris Davis: “It is just
as important to study the proper and effective
use of various forms of graphic presentation, as it is to study the values of different
methods, treatments, grades, and forms of
verbal presentation.” This quote summarizes
not only his purpose in writing The Look of
Maps but also Robinson’s lifelong goal of applying more objective standards to the design
of maps and the communication of geospatial
information.
As GIS continues making geography an
information framework for organizations,
there is an even greater need for effective map
design and, hence, for this book. With the
reissuance of The Look of Maps, an essential
reference on cartography and cartographic
design for students and professionals is
now available as an affordable trade paperback. Esri Press, 2010, 124 pp., ISBN-13:
9781589482623

Arthur H. Robinson, University of Wisconsin,
Madison, professor emeritus of geography and
renowned cartographer, in 1979
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“Is it possible that geospatial consciousness
will be a global phenomenon, like the Internet?” asked Esri president Jack Dangermond
of attendees of the 30th Annual Esri International User Conference (Esri UC).
GIS users from 6,000 organizations in
134 countries participated in the world’s
largest GIS event, held July 12–15, 2010,
in San Diego, California. The presentations
and demonstrations made during the opening
day and throughout the four-day conference
argued that the answer to Dangermond’s
question is yes. That vision was encapsulated
in the conference’s theme, Geography—
Opening the World to Everyone.
Dangermond sees a world in which everyone can take advantage of GIS, contributing
and using geographic information in ways
that will transform geography and open up
“our world to new forms of exploration, not
simply mountaintops but understanding our
world in different ways.”
The release of ArcGIS 10, announced at
the conference, is an essential factor in this
evolution. ArcGIS 10 is a complete system
for geographic information that is easier to
use and more powerful. A pervasive GIS
in the cloud, the office, and the field, it is a
strong scientific platform for time awareness,
advanced spatial analysis, integrated scientific
programming, and 3D GIS. To view videos
demonstrating ArcGIS Online, ArcGIS.com,
community maps, ArcGIS for iOS, productivity in ArcGIS 10, the integration of Python
scripting, imagery, GIS processing integration,
ArcGIS Network Analyst, and analysis using
3D and new space and time enhancements,
visit www.esri.com/uc.
In addition to presentations and demonstrations of ArcGIS 10, the Plenary Session
was an occasion for honoring members of
the GIS community for their contributions.
Antonio Carlos Salmán Gonzalez, Mexican
cartographer and visionary, received the
Lifetime Achievement in GIS Award from
Dangermond. “GIS provides the enlightenment and awareness necessary to stimulate
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the urgent changes needed in Mexico so that
its citizens can realize their full potential,” he
said when accepting the award. He has spent
nearly 40 years developing mapping projects
in Mexico and abroad.
Later in the session, Dangermond and
Dr. Roger Tomlinson, known as the “father of
GIS,” each received the prestigious National
Geographic Society’s Alexander Graham
Bell Medal for extraordinary achievement
in geographic research. Dangermond and
Tomlinson, who have worked together for
decades fostering the growth of GIS technology, accepted the awards from National
Geographic Society chairman Gilbert M.
Grosvenor. The medal has only been awarded
once before—in 1980. “I accept this award
on behalf of the GIS community—a group of
very special people with geographic knowledge who are doing work that makes a difference in our world,” said Dangermond.
The conference has traditionally been a
venue for recognizing the achievements not
only of individuals but of organizations large
and small. The government of Abu Dhabi,
United Arab Emirates, received the Making
a Difference Award. The Abu Dhabi Systems
and Information Centre has built a spatial
data infrastructure that facilitates geospatial
data sharing among 40 government agencies and other stakeholders. His Excellency

Mohammed Ahmed Al Bowardi, secretarygeneral of the Abu Dhabi Executive Council,
accepted the award. The City of Frisco,
Texas, population 107,000, was also honored
with the Esri President’s Award for its outstanding work in improving public safety for
its schools through its Situational Awareness
For Emergency Response (SAFER) application that provides fire, police, and emergency
responders with access to maps and live data
feeds while en route to a school incident. The
Special Achievement in GIS ceremony, held
on July 15, provided another opportunity for
highlighting the outstanding work of 140 organizations out of the roughly quarter million
that use GIS.
Keynote speaker Richard Saul Wurman
shared his “passion to take the journey from
nonknowing to knowing” with the audience. The author of 83 books, Wurman may
be most well known for starting the TED
(Technology/Entertainment/Design) conferences. Among other topics covered during
his address, Wurman described his latest trek
toward knowing, a project called 19.20.21.
He is attempting to understand comparative
data on 19 cities that will have 20 million
or more inhabitants in the 21st century. The
19.20.21 project was also the subject of one
of the featured displays at the conference. To
learn more about events at the 2010 Esri UC,
visit www.esri.com/ucinsider.
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Esri’s answers on trends and technology
Every year, Esri asks users who are attending the Esri International User Conference about
their interests and concerns and how Esri is doing. The results of this survey help Esri plan
software development and make decisions on how to prioritize its efforts. Generalized answers
to questions posed by users are compiled and shared with users prior to the conference. Of
the more than 200 answers about Esri’s strategy and vision for its products in the coming year
from this year’s Q&A, this sample highlights important trends and developments. To read all
the answers, visit events.esri.com/uc/QandA/index.cfm? ConferenceID=2F6DC1A1-14222418-883C3868A9004888.

Q: What is the meaning behind this year’s user
conference theme, Geography–Opening the World
to Everyone?
When Stewart Brand lobbied the National
Aeronautics and Space Administration
(NASA) to release the first photograph of
earth taken from space in the 1960s, he knew
that photograph would have a tremendous impact in changing the way we viewed the environment and our relationship with it. Today,
anyone with Internet access can get a similar
view of the earth, and then quickly zoom in to
the level of their city, their neighborhood, and
even their home. This near-universal access to
geographic knowledge is revolutionizing our
ability to understand how our world works
physically, biologically, and culturally.
David Harvey said, “Geography is too
important to be left to geographers.” The
combination of increased availability of
geographic knowledge and easier access
through mobile devices and the Internet is
opening the world of geographic
knowledge to everyone. And the
democratization of geographic
knowledge—both its widespread
use and its universal creation—
is resulting in a new kind of
infrastructure: a geospatial
infrastructure. Over time,
society will become increasingly dependent upon this
geospatial infrastructure,
much as it has become
dependent on other, more
traditional forms of
infrastructure such as
electrical grids
or highway networks.
GIS is the technology we have come
to rely on to operate
this infrastructure of geographic
knowledge. And GIS professionals will be
increasingly relied on to build and maintain
this infrastructure.

Q: What are the key new features of
ArcGIS Server 10?
ArcGIS Server 10 includes powerful new
capabilities and enhancements. Here are the
highlights:
Web editing: ArcGIS Server includes
built-in capabilities for Web editing, enabling
geo-collaboration workflows, crowd sourcing,
and volunteered geographic information applications. Web editing is made possible through
a new editing service called a feature service
and is available through all clients including
Web browsers (JavaScript, Flex, Silverlight),
mobile devices (iPhone, Windows Mobile,
and later in the year through Android), and
desktops (ArcEditor, ArcInfo).
Better mapping and enhanced map
services: Cartographic representations and
Maplex are now supported by optimized map
services, allowing you to accelerate the creation of map caches and render your data on
the fly. ArcGIS Server 10 map services now
also expose geodatabase relationship classes,
attachments, and stand-alone tables. Finally,
map services now handle temporal data, so
you can easily create map animations in your
Web mapping applications.
Improved map caches: A new map cache
format called compact cache speeds up the
creation of map caches and dramatically
simplifies management of very large caches.
More out-of-the-box Web mapping
applications: Two new applications in
ArcGIS.com allow for quick creation and dissemination of ArcGIS Server mashups: readyto-use Microsoft SharePoint Web Parts and
ArcGIS Viewer for Flex, a new configurable
out-of-the-box application.
Enhanced geoprocessing framework: This
includes out-of-the-box models for clip/zip/
ship workflows as well as high-quality map
generation (output to PDF format) and new
network solvers.
Amazon Elastic Compute Cloud (EC2)
deployment: The Amazon EC2 provides

?

Continued on page 60
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a new alternative deployment model for
ArcGIS Server offering real-time access to
vast amounts of computing, network bandwidth, and storage in the cloud. Ready-to-use
Amazon Machine Images, as well as best
practices documentation for deployments in
this cloud, are part of the ArcGIS Server 10
release.
Q: What is ArcGIS.com and how will I use it?
ArcGIS.com is a new Web site designed as a
fundamental part of the ArcGIS system. The
site provides a gateway to your online GIS
experience and is intended be a useful destination for anyone—GIS professionals, Web
developers, and those that want to view maps
or create their own maps simply and quickly.
The site and its resources are published in
the Amazon cloud and represent a free set of
cloud services for the ArcGIS system.
The following are some of the things you
can do at ArcGIS.com:
 View featured maps, apps, and mobile
apps and learn more about them.
 Quickly make maps using the ArcGIS
Web Map, a built-in lightweight JavaScript
viewer that lets you easily find layers and
add them to your map to create mashups.
 Discover a variety of basemaps to use in
your GIS applications.
 Browse and search a large library of maps,
layers, tools, and applications shared by
users from around the world.
 Discover communities (groups) that you
can use to network with others or share
specific interests or needs.
 Access ArcGIS Explorer Online, a rich
Internet client that has a similar look and
feel and some of the same capabilities
as ArcGIS Explorer Desktop but is a
lightweight version that runs in a browser
(and is built using Microsoft Silverlight).
When you log in at ArcGIS.com, you have
access to additional ArcGIS Online content
and capabilities. For example, you can save
and share your work as well as work collaboratively across the Web. We expect this
platform to become increasingly important
for the GIS community.
Q: What is Esri’s strategy for cloud computing?
For several years now, Esri users have been
consuming cloud map services through
ArcGIS Online—perhaps not even recognizing them as cloud-hosted services. Many are
without fees and seamlessly integrate with
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their GIS platform. Through ArcGIS Online
Sharing, they have the ability to post and
share their geospatial maps, layers, and tools
to the ArcGIS community or create a select
private group to exchange content related to a
specific project or common activity.
Recently, Esri released ArcGIS.com
as one of the clients to ArcGIS Online.
ArcGIS.com provides a gateway to share
and discover maps, Web apps, mobile apps,
and rich ArcGIS Desktop documents and
geodatabases. Any Web user or mobile user
can leverage the existing Web maps and apps
at ArcGIS Online and, most importantly, have
the ability to add their valued data, establishing a community cloud for the diverse and
global society of geospatial professionals.
With the recent release of ArcGIS Server
for the Amazon platform, Esri supports the
deployment of preconfigured ArcGIS Server
and enterprise geodatabase machine images
in the Amazon cloud infrastructure. This is
an attractive innovation for GIS professionals both in the field and in the office. For a
geospatial technologist, cloud GIS can ideally
mean that data is always available, always
accessible. For the mobile worker, the cloud
offers an expansive field to speed workflow
productivity and collaboration. Shared data
and applications in the cloud can be immediately accessed to discover, view, edit, save
changes, and invoke geoprocessing functions
for on-demand results. For example, the Gulf
oil spill involves very large datasets, many and
variable numbers of users, and the need to be
up and running in a short amount of time.
There are some basic service models associated with cloud, such as Software as a Service, or SaaS, which are end-user applications
delivered as a service, on demand, in a cloud
infrastructure. Examples are Esri Business
Analyst Online, ArcGIS Explorer Online, and
the ArcGIS Web Map viewer. A second service tier in the cloud is Platform as a Service
(PaaS), which is an application platform or
middleware as a service on which developers
can build and deploy custom applications.
Here you would find the Esri Web mapping
APIs (JavaScript, Flex, and Silverlight). Microsoft’s Windows Azure cloud platform lives
at this tier as well and can be leveraged by
ArcGIS developers using the ArcGIS API for
Silverlight. There is also the Infrastructure as
a Service (IaaS) tier, which provides the cloud
consumer with the ability to control and provision operating systems, storage, firewalls,
etc., in a cloud infrastructure. Amazon Web
Services is currently the most prominent cloud

option at this tier. For Esri, ArcGIS Server on
Amazon EC2 is an example of a cloud solution leveraging the infrastructure in Amazon
Web Services’ data centers.
Q: What is the Community Maps program?
The Community Maps Program represents a
cooperative effort by the ArcGIS community
around the world to build multiscale, online
global basemaps and make them freely available to anyone. These cached, authoritative
Web maps are built using the best available
data sources from GIS organizations in cities,
counties, countries, and private companies
in the user community and are authored at
multiple levels of detail, including map scales
as large as 1:1,000.
The Community Maps Program enables
your organization to contribute its authoritative content to these online world basemaps
while retaining ownership of the data.
Organizations of all sizes benefit by integrating accurate, up-to-date information into
these high-quality online world basemaps.
Using these Web maps reduces the cost for
making your data widely available and offers
a reliable way for your users to access critical
information for a host of online GIS applications. These shared community maps also
establish a valuable resource for citizens and
businesses that are available all day, every
day. They help you bring your GIS to life for
the benefit of your users.
The Community Maps Program has three
basemaps: the World Topographic Map,
World Street Map, and World Image Map.
Organizations that have contributed data
include MassGIS, Commonwealth of Massachusetts; City of San Francisco, California;
District of Columbia Geographic Information
System; the City of Toronto, Ontario, Canada;
and Instituto Geográfico Português.
The community basemaps are available through ArcGIS.com and can also
be accessed directly from within ArcGIS
Desktop 10, ArcPad 10, and ArcGIS for iOS.
Read more about how you can participate in
the Community Maps Program (www.esri.
com/communitymaps).
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Brings
Managers
Together
By Monica pratt, ArcUser Editor

They work for businesses, such as energy
companies and consulting firms, as well as
an assortment of agencies in local, state, and
federal governments and the military.
They come from South America, Europe,
Africa, the Middle East, Canada, and across
the United States.
Their business cards display a variety
of titles beginning with GIS: administrator,
director, supervisor, chief, specialist, coordinator, and analyst. Some have titles that don’t
include the word GIS: information systems
manager, geospatial intelligence specialist, or
information architect.
Despite the wide range of appellations
and origins, the more than 270 participants
registered for the inaugural GIS Managers’
Open Summit had one thing in common: they
were all GIS managers. They are the people
who make GIS happen in organizations. And
their concerns, challenges, and interests—
discussed during the event held on July 13 in
conjunction with the 2010 Esri International
www.esri.com

Concerns drive agenda at inaugural
User Conference in San Diego, California—
were remarkably similar.
Rather than a traditional conference, the
summit was an “unconference.” Unconferences have a theme, but event content is
determined by those attending. Participants in
the GIS Managers’ Open Summit volunteered
to lead breakout sessions, jotting down topics
for each time slot on a white board at the
entrance to the ballroom.
Many discussions focused on the challenges of interacting with the larger organization. Selling GIS Services in Your Department was a session led by Russell Vrhovac
of the consulting firm Clark Nexsen. “It is
hard to convey the value of GIS,” said Khaled
Hussein, also from Clark Nexsen. Vrhovac
said he found regular project presentations
were a good way to keep GIS visible in an
organization and convey the value it added.
Fires in Monterey County, California, in 2007
gave Darryl Tyler’s GIS department an opportunity to shine. His department produced

event

information the county “didn’t even know
it had” and supplied active decision support
as well as postevent assessment. Tyler, who
began his GIS career working in the field,
moved up to a GIS analyst position but never
intended to become a manager. However, he
has carried out the responsibilities of a GIS
manager for Monterey County since 2004.
Managers in this session agreed that one
of the biggest challenges related to demonstrating value was building trust relationships in an environment where personal and
interdepartmental feuds may have been going
on for years. Sometimes these feuds have
outlasted the people who started them. “They
don’t want to work together, but what do
they have in common? Geography,” observed
Vrhovac.
However, without trust, departments will
not share their data. Tyler, who led another
session entitled Building Trust Relationships,
has found a way to deal with this situation.
Continued on page 62
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“Unconference” Brings Managers Together
Continued from page 61

His “Rules of the Sandbox” grew out of the
GIS Certification Institute (GISCI) code of
ethics. With these rules, “everybody will have
reasonable expectations of how their data will
be treated.”
Trust and data sharing were also themes
of other sessions: GIS Data Organization
Ownership and Stakeholder Engagement.
Demonstrating the value of GIS to the
organization and building trust were aspects
of sessions entitled Plugging In GIS to Other
Departments and Identifying and Delivering
Value to Stakeholders.
Other sessions fell into two broad categories: dealing with GIS technology issues
and aspects of management specific to GIS
departments. Technology issues ranged from
managing deployments to cloud computing.
GIS-specific topics were concerned with
establishing and evaluating performance metrics, enterprise strategies, optimal workflows,
and best practices.
Although breakout sessions were the main
feature of the summit, two speakers addressed
the group. To start off the day, Lew Nelson,
Esri law enforcement industry manager,
spoke to the group. A former police chief for
Redlands, California, Nelson became a GIS
manager by “leading a sea of Type As—
aggressive Type As, armed Type As.”
He was quick to point out the missteps
he made on the way to starting a success-

ful GIS program for the department in the
1990s. “When I was telling them what GIS
was going to do for them, I forgot to ask
what they wanted it to do for them.” He
urged his audience to remember that GIS is
a team sport that requires collaboration to be
successful. “Don’t assume everyone will see
the value of GIS—you need to communicate
it to them,” he said.
The value of GIS is greatly enhanced
when it is implemented across the enterprise.
Nelson characterized most organizations as
data rich and information poor. The “build
once and use many times by many people”
enterprise model addresses that problem.
Although Nelson observed that creating an
enterprise GIS is not an undertaking for the
timid, “you have to believe in the power of
geospatial data.” To be successful, he suggested these strategies:
 Connect with policy makers and technical
people in the organization.
 Use a strategic approach but be willing
to change tactics to accomplish goals.
 Plan for inclusion.
 Realize that it doesn’t get easier as the
GIS grows. The corollary is that you must
delegate so the GIS can grow.

 Keep them connected.
 Make training a priority.
 Promise conservatively, then over-deliver.
Following the morning breakout session,
Ross Smith of PA Consulting Group explained the value and methodology of return
on investment (ROI)-based analysis described
in The Business Benefits of GIS: An ROI Approach. This Esri Press book, authored David
Maguire, Smith, and the summit’s organizer,
Victoria Kouyoumjian, was furnished to
conference attendees.
Attendees had another takeaway from
the conference. The summit’s goals were to
build a community and share information
and experiences. This community would
address the unique requirements of GIS
managers who must understand the technology and recognize how best to apply it while
performing classic management functions
and overcoming organizational challenges
specific to implementing GIS. To continue the
discussions that were started in San Diego, a
new group, Managers in GIS, has been started
on LinkedIn (www.linkedin.com). All summit
attendees have been preapproved, but all GIS
managers are welcome.

t to
n
a
n’t w , but
o
d
y
r
“The togethe have in
k
wor do they graphy,”
o
t
c.
wha on? Ge
hova
r
V
m
d
e
com
bserv
o

Russell Vrhovac
led one of several sessions that
discussed how to communicate
the value of GIS to the larger
organization.
Ross Smith
of PA Consulting Group
explained the value and
methodology of the ROIbased analysis described in
The Business Benefits of GIS:
An ROI Approach.
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The Best of Both Worlds

Conference for the GIS education community

In its 10th year, the Esri
Education User Conference (EdUC)
continues to bring educators together to learn
from each other in an intimate setting while
giving them an opportunity to interact with
the larger GIS community. This was possible
because EdUC was held July 10–13, 2010, in
conjunction with the Esri International User
Conference (Esri UC) in San Diego, California, at the San Diego Convention Center.
EdUC is the premier event for educators
who are passionate about employing GIS to
improve teaching and research. At the conference, members of the education community
shared ideas and experiences about what matters to them most through presentations, special interest group meetings, and workshops.
A hot topic this year was the use of GIS
to promote analytical and critical thinking
skills—the higher-order problem-solving
skills employers say they want in future employees. Plenary Session presenter Gilbert M.
Grosvenor underlined the importance of promoting these skills. “Imagine what changes
we could make together in communities
across the country and around the world if all
geoprofessionals here and those you know
would work with local educators to bring that
power to our youth,” said Grosvenor, who
is chairman of the board of the National
Geographic Society and former Esri Lifetime
Achievement Award recipient.
The 2010 EdUC marked the one-year anniversary of the GeoMentor program, a global
answer to the growing need for geoliteracy. In
the year since this program was initiated, it has
proved successful in bringing technical expertise by promoting core science, technology,
engineering, and mathematics (STEM) content
in the classroom. GIS has proved an engaging
tool that allows students to use real-world data
to solve real-world problems.
The success of this program was demonwww.esri.com

strated during the Esri UC
Plenary Session when high school students
Tia Bakker and Ernie Cottle from Bigfork,
Montana, described their work using GIS
for mapping, monitoring, and conserving
resources in caves in Glacier National Park.
The two are part of the Bigfork High School
Cave Club, adopted by local GIS professionals as part of the GeoMentor program.
This has allowed club members to approach
their explorations from a more scientific and
analytic point of view.
Other key topics at EdUC included the use
of GIS for administration purposes in educational institutions, the process and impact of
implementing ArcGIS Server in the teaching
environment, and the potential for making greater use of resources available from
ArcGIS Online. EdUC attendees worked with
the new ArcGIS 10 release in the Hands-on
Learning Lab and in computer workshops led
by Esri instructors.
Dr. Mark Chandler, international director
of research for the Earthwatch Institute, was
this year’s keynote speaker. A prominent conservation biologist with more than 20 years of
experience conducting field research throughout the world, Chandler’s speech was entitled
Using Citizen Science and GIS Technology to
Connect the Local to the Global.
The first Making a Difference in Education Award was presented to Dr. Mugheer
Khamis Al Khaili, director general of the
Abu Dhabi Education Council (ADEC). This
award was given in recognition of ADEC’s
special contributions to GIS in education
through implementation of an enterprisewide GIS that exemplifies how GIS can be
extended across the educational system.
In accepting the award, Al Khaili said, “It

is a great honor for
both me and the ADEC to be recognized
by Esri for our efforts in the implementation
of GIS technology throughout our country’s
entire educational system. This is particularly important to us as we transition from
a petroleum-based economy to one that is
knowledge based. ‘Education First’ is our call
to action in Abu Dhabi. The Making a Difference in Education Award from Esri is a tribute
not only to the dedicated staff at the ADEC but
to our entire country and provides us with a
great incentive to continue our work.”
The award for Esri Development Center
(EDC) Best Student for 2010 was given to
Jeremy Moore, a graduate student at the University of Minnesota (UMN), for developing
ArcGIS Server applications for the Colorado Avalanche Information Center and for
facilities management on the UMN campus.
His work was chosen from other nominated
GIS projects completed by students at the
30 international universities participating in
this selective program.
EdUC continues as a venue for bringing
the education community together and supporting its goal of helping students understand
why geography matters. In the words of
Grosvenor,

“Working together, GeoMentors and
educators can help young people
comprehend the many layers of our
world, see how they tie together,
and explore options for a brighter
tomorrow.”
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GISCIENCE GRAND CHALLENGES

How can research and technology in this field address big-picture problems?
By Michael Gould,
Director of Education Industry Solutions, Esri

To a GIS practitioner, the distinction between
GIS and GIScience may be difficult to get a
handle on. Geographic information science is
a term coined in a 1992 paper in the International Journal of Geographic Information Systems by University of California, Santa Barbara, professor Michael Goodchild. The idea
actually came from his 1990 keynote speech
called Spatial Information Science, delivered
at the 4th International Symposium on Spatial
Data Handling in Zurich, Switzerland.
I attended that symposium, and I recall
some skepticism in the audience: were we
witnessing an attempt to turn something methodological into a science merely to build our
credibility in the eyes of funding agencies?
Some remarked that fields that find the need
to add the qualifier “science” to their name
(political science, computer science) are by
definition not legitimate sciences. But semantics aside, Goodchild’s basic argument that
“GIS needs a strong scientific and intellectual
component” (or else the technology might
be short-lived) was generally accepted. The
GIScience term stuck, and almost two decades
later, many university graduate programs now
focus on GIScience rather than on GIS.
University at Buffalo professor David
Mark defined GIScience in 2003 as “the
development and use of theories, methods,
technology, and data for understanding geographic processes, relationships, and patterns.” Practitioners can think of GIScience
as the key foundational ideas (which become
algorithms and then code) that make GIS
software tick. In many cases, GIS software
has become a test bed or sandbox for validating GIScience ideas.

Grand Challenges
Grand challenges play a key part in advancing
science and engineering, especially in the most
highly developed economies. These challenges
have included races to reach the New World,
set foot on the moon, build the highest skyscraper, or decode the human genome. Most
scientific societies today publish manifestos
outlining what they consider to be the grand
challenges of their particular field of interest.
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Why should GIScience be any different?
At the recent Association of American Geographers (AAG) annual meeting in
Washington, D.C., a special session was organized in conjunction with the University
Consortium for Geographic Information Science (UCGIS) to address some of the grand
challenges for GIScience. According to the
organizers, a grand challenge is defined as
follows:
“Grand challenges are not merely routine
research questions or research priorities but
questions and directives that (1) are extremely
hard to do, yet are doable; (2) produce outcomes potentially affecting millions, if not
hundreds of millions of people; (3) require
multiple research projects across many subdisciplines in order to be satisfactorily addressed; (4) consist of well-defined metrics
such that, through creativity and commitment,
can be realistically met and one knows the
end has been reached; (5) capture the popular
imagination, and thus political support.”
The session was led by professor Dawn
Wright of Oregon State University and included invited speakers from diverse sectors.
As was to be expected, not everyone agreed
on the same top five challenges, but it is interesting to review the challenges that were
suggested.
Tim Nyerges of the University of Washington and president of UCGIS, outlined
previous iterations of UCGIS projects aimed
at identifying grand challenges. In the latest
iteration, centered on a GIScience Knowledge
Web, he identified geocyber infrastructures,
spatio-temporal languages to describe dynamic processes, and support for distributing
geographic decision making.
May Yuan, professor at the University of
Oklahoma and incoming president of UCGIS,
strongly concurred with the challenge theme,
which she labeled as spatiotemporal models,
languages, and ordering. These are different
ways to look at representing and analyzing
dynamic processes in and across space.
Peggy Agouris of George Mason University reported on findings of the National Science Foundation Workshop on Geospatial
& Geotemporal Informatics, and her grand

challenge list reflected that focus. To the
common spatiotemporal emphasis she added
adaptive, multimodal geosensor networks and
related analysis of dynamic processes and
event-driven modeling and analysis.
Jerry Johnston, the geospatial information
officer of the U.S. Environmental Protection
Agency, suggested three challenges: radically
improved user interfaces (beyond maps) for
participatory GIS; a digital earth that incorporates citizens as sensors; and the geospatial
semantic Web, including open linked data in
the sense promoted by Tim Berners-Lee.
Ted Cope of the National Geospatial-Intelligence Agency made an entertaining
presentation that, surprisingly, included human geography as one of the challenges. By
that, he meant that his agency and others related are striving to learn more about the human
context (unseen from space imagery) of geographic areas where they intervene around the
world. This is indeed an interesting challenge
for GIScience, because it touches on the largely nonquantitative, not easily automated fields
of history; sociology; anthropology; language
arts; psychology; and, of course, geography.
Semantics and uncertainty are also important
research challenges for the geospatial intelligence (GEOINT) community in general.
In a publication for the Journal of Spatial
Information Sciences, entirely unconnected
to the AAG session but published at roughly
the same time, Goodchild reviewed progress
during the first 20 years of GIScience. The
article concluded with a look at the future of
GIScience, and the short list included
 Knowing where everything is at all times
(GPS, RFID, etc.)
 Role of the citizen (neogeography, volunteered geographic information, or VGI)
 A technology of dynamics (real-time
monitoring and analysis)
 The third, fourth, and ﬁfth dimensions
(including time and uncertainty)
 Challenge of education (basic GI concepts
for public consumption)
The coincidence is uncanny, so much so
that we can be fairly confident that GIScience
research in the coming years will focus, in
part, on these areas.
www.esri.com

Education

For a third perspective on GIScience grand
challenges, let’s look at the U.S. National
Research Council (NRC) March 2010 report
entitled Understanding the Changing Planet:
Strategic Directions for the Geographical
Sciences. The report focuses on societal benefit areas, or what we might call big-picture

problem areas, similar to the United Nations
Millennium Development Goals. The NRCcommissioned panel that drafted the report
summarized the goals for the coming decade
in terms of 11 strategic questions that were
grouped in four areas:

How to understand and respond to
environmental change

1. How are we changing the physical environment of earth’s surface?
2. How can we best preserve biological diversity and protect endangered ecosystems?
3. How are climate and other environmental changes affecting the vulnerabilities of
coupled human-environment systems?

How to promote sustainability

4. Where and how will 10 billion people live?
5. How will we sustainably feed everyone in the coming decade and beyond?
6. How does where we live affect our health?

How to recognize and cope with the
rapid spatial reorganization of the
economy and society

7. How is the movement of people, goods, and ideas changing the world?
8. How is economic globalization affecting inequality?
9. How are geopolitical shifts inﬂuencing peace and stability?

How to leverage technological change for
the beneﬁt of society and environment

10. How might we better observe, analyze, and visualize a changing world?
11. What are the societal implications of citizen mapping and mapping citizens?

Eleven challenges from the U.S. National Research Council (NRC) report Understanding the Changing Planet:
Strategic Directions for the Geographical Sciences

Strategic Directions for the Geographical Sciences
It is interesting to consider these big-picture
problems and the extent to which GIS technology and GIScience research can contribute to
viable, tractable solutions.
Esri has been active in supporting GIScience initiatives, looking at these and related areas. In February 2010, the first Redlands
GIS Week was celebrated at Esri’s headquarters and brought 150 researchers together to
discuss advances in space-time modeling and
analysis. The second Redlands GIS Week, in
February 2011, will focus on the impact of

www.esri.com

collecting and processing VGI especially for
real-time and emergency management scenarios. Esri organizes a special GIScience track
at the annual User Conference in San Diego.
Papers accepted for that track are published in
the peer-reviewed journal Transactions in GIS.
And Esri has for more than a decade sponsored
and participated in the Association of Geographic Information Laboratories in Europe
(AGILE) and GIScience international conference series, including GIScience 2010, right
back in Zurich.

About the Author
Dr. Michael Gould studied GIScience at the National
Center for Geographic Information and Analysis,
University at Buffalo, then taught in Spain and was
principal investigator on several European Unionfunded research projects between 1991 and 2008. He
was a member and the chair of the management board
of AGILE and cofounder of the Vespucci Institute
for GIScience and related summer schools. He now
directs the Esri education industry team and oversees
global education projects and strategy.
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Space-Time Integration in GIS and GIScience
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Every year, the Association of American Geographers (AAG) identifies a particularly timely
or relevant set of themes to feature during its
Annual Meeting. Last year, an overriding
theme was climate change, for example, and
previous years have included featured sessions
on topics such as human rights, landscape and
literature, sustainable development in Africa,
and the geography of water.
A special symposium focused on the research status, recent advances, and research
needs of space-time integration, modeling,
and analysis in geography and GIScience
will be organized within the AAG Annual
Meeting in Seattle, Washington, April 12–16,
2011. This special set of invited papers will
feature many leading GIScience researchers
from Asia and Europe, as well as from other
regions of the world, and will form a highprofile international symposium within the
AAG Annual Meeting.
Space-time analysis is a rapidly growing research frontier in geography, GIS, and
GIScience. Advances in integrated GPS/GIS
technologies; the availability of large datasets
(over time and space); and increased capacity to manage; integrate, model, and visualize
complex data in (near) real time offer the GIS
and geography communities extraordinary opportunities to begin to integrate sophisticated
space-time analysis and models in the study
of complex environmental and social systems,
from climate change to infectious disease
transmission.
This special symposium builds on momentum from a space-time analysis workshop
cosponsored by the AAG, Esri, University of
Redlands, and University of Southern California in early 2010, as well as several other initiatives during the past few years. GIScientists,
geographers, modelers, computer programmers, GPS/GIS systems scientists, climate
change scientists, epidemiologists, ecologists,
planners, transportation experts, and others
with active research expertise in integrating
space-time in GIS and geography are encouraged to participate in this special symposium.
The symposium will open with plenary ses-

For more information on promotional offers,
visit www.esri.com/hardware or call your
local Esri office. Offers are updated frequently.
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Symposium Organizers

sions led by prominent theorists and pioneers in space-time
GIScience and technology research.
In addition to the Space-Time GIScience Research Symposium, other special themes of the AAG Seattle meeting
will include session tracks focused on Asian geographies
and research collaborations; geography and public health;
diversifying our discipline; and the changing role of universities in today’s globalizing societies. These and hundreds
of other cutting-edge research and education sessions and
workshops will be held at the Seattle meeting. The AAG
Annual Meeting, with over 8,000 attendees from more
than 60 countries, represents one of the most dynamic, substantive, and innovative GIScience research and scholarship
events in the world.
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Jeremy Mennis—Temple University
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Michael Gould—Esri
Donggen Wang—Hong Kong Baptist University, China
Jean McKendry—Association of American Geographers
May Yuan—University of Oklahoma
Seraphim Alvanides—Northumbria University, UK
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Sharing an Amazing Journey
Web app chronicles Mt. Everest ascent in near real time
By Susan Harp, Esri Writer
Many dream of conquering Mount Everest,
known in Nepal as Sagarmatha, or “goddess
of the sky.” Some climbers reach the lofty
goal and—for a few minutes, at least—stand
victorious atop the 29,035-foot mountain. But
very few are able to take a global audience
with them, as 13-year-old Jordan Romero did.
On a clear night in May 2010, in subzero
temperatures, Romero started his final,
26-hour leg of the steep and dangerous
climb up Everest. The boy from Big Bear
Lake, California, was close to becoming the
youngest person ever to scale the world’s
highest summit.
Around the world, followers kept tabs
on Romero’s journey via Live on Everest,
a Web application provided by Esri. They
were glued to a digital map on their computers as they watched a trail of red dots ascend
the northeast ridge of Mount Everest—each
dot marking his progress in 10-minute
intervals. A circle that pulsed softly, like
a heartbeat, reported each new location.
Superimposed on the map were live Twitter exchanges from the members of Team
Jordan, including Romero; his father, Paul
Romero, and stepmother, Karen Lundgren;
and guides Ang Pasang Sherpa, Lama Dawa
Sherpa, and Lama Karma Sherpa, as they
closed in on the summit.
Back in the small community of Big
Bear Lake, cheers erupted inside the home
of Naomi Nelson, a schoolmate of Romero’s
who was following the dots on the map with
her family. At 9:45 a.m., Everest time, on May
22, she saw the red dot pulsating from the
peak and knew Jordan had bagged his dream.
“I watched him on the map with my parents and sisters, and when he made it to the
top, we went crazy,” said the seventh grader.
A host of others watched, too. The number of
visitors to the Live on Everest site skyrocketed to 18,000 on that record-breaking day.
“I know technology is saving lives every
day, and in this case, it did make our team
safer and [kept us] in contact with rescue and
even friends and family,” said Romero about
Live on Everest site after returning home in
June. “Feedback was just unbelievable. We
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were praised as likely having the most professional and most-watched expedition ever on
Mount Everest.”
Team online submissions recorded the
group’s travel experiences. Tweets and
photographs captured the initial excitement as
Romero explored the streets of Kathmandu,
Nepal. Then the subject turned to safety
equipment and food supplies. On the mountain, he wrote about the three Sherpa guides
as well as the cook, Kumar. Then the mood
turned serious as team members attended a
traditional climbers’ ceremony to pay homage
to the mountain before beginning the dangerous ascent. Individuals in the posted photos
then became unrecognizable under giant
parkas, hats, gloves, and goggles; eventually,
oxygen masks were added, and the tweets became shorter and less frequent as the climbers
headed for the summit.

Using a Mapcentric Interface
The Live on Everest application used Esri
ArcGIS technology to bring various types of
online information together into one simultaneous view. In addition to showing the map
with nearly live tracking and Twitter exchanges, the application aggregated and displayed
social media information from the team’s
Facebook blog and Flickr photos. Visitors at
Live on Everest could access local weather
forecasts, explore a terrain profile that calculated daily distance and elevation gains, and
see a side view of the climbing route.
“It was a fascinating feeling to be so remote, so disconnected, yet having the whole
world watch our every move,” Romero said.
“Having family and fans connected to us
provided energy; it provided pride to another
level about our quest. Pretty cool stuff, almost
like being on the moon and having so many
people watch our every move.”

people around the world could follow Romero’s journey via Live on Everest, a Web application
provided by Esri.
www.esri.com

End Notes

Romero and his team had not only
planned every step of the climb but also ensured that anyone with an Internet connection
could visualize their journey. They carried
some of the technology with them: a SPOT
Satellite GPS Messenger location receiver
and transmitter, satellite mobile phone, and
notebook computer along with solar technology for recharging batteries. Throughout the
journey, the ArcGIS application, hosted by
Esri, provided the platform to combine maps,
satellite images, geolocation, and social media in a single, online viewer.
Team Jordan originally envisioned using
a live mapping application and, having heard
of Esri, contacted the company to help make
it a reality. The Esri platform integrates well
with online services and social media and can
quickly provide map and satellite images at
any scale. Randy Frantz, Esri manager for the
telecommunications and location-based service industries, worked with the application
team of Allan Laframboise and Andy Gup,
both Esri Developer Network technical leads,
to launch Live on Everest.
Developing the Application
In just three weeks, the technical team members implemented the Esri ArcGIS platform
to support the project. The overall goal was
to build a near real-time application so Team
Jordan could share the experience with the
world. They used Esri’s ArcGIS Server to
automate back-office operations such as
acquiring and storing the team’s geolocation
and social media data. They used ArcGIS
Server, imagery from ArcGIS Online and
ArcGIS Desktop to create, author, and publish the location data and relate that information as geospatial services. The back end of
the system was fully automated, so Team
Jordan members could use GPS equipment
and social media technology as they normally
would without having to carry out additional
software tasks to keep their locations tracked
on the Web site.
This was accomplished with the ArcGIS
API for Microsoft Silverlight/Windows
Presentation Foundation (WPF), which
provides the mapping interface that delivers
www.esri.com

The Live on Everest application displayed nearly live tracking, Twitter exchanges, and aggregated
social media information from the team’s Facebook blog and Flickr photos.
live information from Web services such as
Twitter. The API enables the creation of rich
Internet and desktop applications that use the
powerful mapping, geocoding, and geoprocessing capabilities provided by ArcGIS
Server and Bing Maps services. Esri offers
three ArcGIS APIs—for Silverlight, Flex, and
JavaScript—that allow developers to quickly
build geoenabled Internet applications and
embed them in Web pages.
For Live on Everest, the ArcGIS API for
Microsoft Silverlight/WPF helped viewers automatically navigate to the team’s last
reported GPS position and simultaneously see
what Team Jordan and others were saying on
social networks. It also added the educational
components such as weather forecasts and a
terrain model.
The result was a viewer that brought Team
Jordan into numerous school classrooms
and living rooms. Jordan’s own schoolmates
checked on him every day via the Web. Jennie
McCoy, seventh grade history and English

teacher at Big Bear Lake Middle School,
projected Live on Everest on a big screen
each morning. She used the opportunity to
discuss how making and staying with goals
can lead to success. “The students watched
as someone they actually knew set a very
big goal and accomplished something really
amazing,” McCoy said.
“Perhaps through this technology, I’m
actually going to inspire some kids to get
out and set some big goals and dreams,” said
Romero. Nelson reported that although she
does not aspire to climbing a mountain, “If
Jordan can climb Everest, then I know if I
start something I can finish it, like becoming an ultrasound technician or trying to be
so good at soccer that I am chosen [as] most
valuable player.”
To learn more about Jordan and his Everest summit, visit www.jordanromero.com and
click Live on Everest (http://edn1.esri.com/
everest/default.html) to see the map.
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Decimeter accuracy in real time. Instant gratification is never overrated.
Instant gratification meets the real world—with the latest GeoXH™ handheld. When your GIS project requires the highest levels of accuracy, the GeoXH
handheld sets the new standard. Using revolutionary H-Star™ technology, the GeoXH handheld delivers real-time subfoot accuracy, and decimeter accuracy with
an optional external antenna. Connecting your GeoXH to real-time VRS™ corrections and map data is simple with the Trimble TDL 3G cellular modem accessory, which also
supports live updates of data collected in the field. And with its 1 GB of storage, a crisp VGA screen, Bluetooth® connectivity, and Windows Mobile® version 6 operating
system, it’s easy to make the GeoXH handheld your choice for smarter asset relocation and management. To learn more on
the field-proven GeoXH handheld, visit trimble.com/mgis or your local reseller.
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H-Star, Tornado, and VRS are trademarks of Trimble Navigation Limited. The Bluetooth word mark and logos are owned by the Bluetooth SIG, Inc. and any use of such marks by Trimble Navigation Limited is under license.
Windows Mobile is either a registered trademark or trademark of Microsoft Corporation in the United States and/or other countries. All other trademarks are the property of their respective owners.
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Esri Federal User Conference
Geospatial leaders, decision makers, and geographic information system (GIS) professionals:
Join us for the 2011 Esri® Federal User Conference and find out how to leverage GIS technology to
accomplish your agency’s mission.

January 19–21, 2011
Walter E. Washington
Convention Center

• Learn how to apply GIS to tackle today’s challenges and initiatives.
• Discover how your colleagues are using GIS to address issues and solve problems.
• Hear from Esri president Jack Dangermond on what’s new in ArcGIS® 10.
• Ask questions of Esri staff including industry specialists, technical support staff,
and product development teams.

Washington, D.C.
Registration is free for federal employees.
The conference will focus on the use of GIS in federal policy and operations and is open to
those both inside and outside government. Learn more, register, and submit your abstract
for a presentation at www.esri.com/feduc.
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