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What Is GIS?
Making decisions based on geography is basic to human thinking. Where shall we go, what will it be
like, and what shall we do when we get there are applied to the simple event of going to the store or
to the major event of launching a bathysphere into the ocean’s depths. By understanding geography
and people's relationship to location, we can make informed decisions about the way we live on our
planet. A geographic information system (GIS) is a technological tool for comprehending geography
and making intelligent decisions.
GIS organizes geographic data so that a person reading a map can select data necessary for a
specific project or task. A thematic map has a table of contents that allows the reader to add layers
of information to a basemap of real-world locations. For example, a social analyst might use the
basemap of Eugene, Oregon, and select datasets from the U.S. Census Bureau to add data layers
to a map that shows residents’ education levels, ages, and employment status. With an ability to
combine a variety of datasets in an infinite number of ways, GIS is a useful tool for nearly every field
of knowledge from archaeology to zoology.
A good GIS program is able to process geographic data from a variety of sources and integrate
it into a map project. Many countries have an abundance of geographic data for analysis, and
governments often make GIS datasets publicly available. Map file databases often come included
with GIS packages; others can be obtained from both commercial vendors and government
agencies. Some data is gathered in the field by global positioning units that attach a location
coordinate (latitude and longitude) to a feature such as a pump station.
GIS maps are interactive. On the computer screen, map users can scan a GIS map in any
direction, zoom in or out, and change the nature of the information contained in the map. They can
choose whether to see the roads, how many roads to see, and how roads should be depicted. Then
they can select what other items they wish to view alongside these roads such as storm drains,
gas lines, rare plants, or hospitals. Some GIS programs are designed to perform sophisticated
calculations for tracking storms or predicting erosion patterns. GIS applications can be embedded
into common activities such as verifying an address/or obtaining driving directions.
From routinely performing work-related tasks to scientifically exploring the complexities of our world,
GIS gives people the geographic advantage to become more productive, more aware, and more
responsive citizens of planet Earth.
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Mobile GIS
Mobile GIS is the expansion of GIS technology from the office into the field. A mobile GIS
enables field-based personnel to capture, store, update, manipulate, analyze, and display
geographic information. Mobile GIS integrates one or more of the following technologies:
 Mobile devices
 Global positioning system (GPS)
 Wireless communications for Internet GIS access
Traditionally, the processes of field data collection and editing have been time consuming and
error prone. Geographic data has traveled into the field in the form of paper maps. Field edits
were performed using sketches and notes on paper maps and forms. Once back in the office,
these field edits were deciphered and manually entered into the GIS database. The result has
been that GIS data has often not been as up-to-date or accurate as it could have been.
ESRI’s developments in mobile GIS have enabled GIS to be taken into the field as digital maps
on compact, mobile computers, providing field access to enterprise geographic information. This
enables organizations to add real-time information to their database and applications, speeding
up analysis, display, and decision making by using up-to-date, more accurate spatial data.
Firefighters, police officers, engineering crews, surveyors, utility workers, soldiers, census
workers, field biologists, and others, use mobile GIS to complete the following tasks:
 Field Mapping—Create, edit, and use GIS maps in the field.
 Asset Inventories—Create and maintain an inventory of asset locations and attribute
information.
 Asset Maintenance—Update asset location and condition and schedule maintenance.
 Inspections—Maintain digital records and locations of field assets for legal code
compliance and ticketing.
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 Incident Reporting—Document the location and circumstances of incidents and events for
further action or reporting.
 GIS Analysis and Decision Making—Perform measuring, buffering, geoprocessing, and
other GIS analysis while in the field.

MAY 2007

4

MOBILE GIS

Mobile GIS Application Areas and Industries

GIS BEST PRACTICES

5

WWW.ESRI.COM/MOBILEGIS

Optimizing PDAs for Field Collection
USDA Develops Field Data Recorder Software for Describing Soils
By Alan Price, Soil Scientist, Natural Resources Conservation Service, Fort Collins,
Colorado
The ambitious task of inventorying all the soils of the United States began more than 100 years
ago. Many tools have been developed over the years that help the field soil scientist collect
both tabular and spatial data. The National Soil Information System (NASIS), a centralized
relational computer database, was developed using GIS to store, evaluate, interpret, and report
soil information for users of soil surveys. Nevertheless, detailed soil profile descriptions (also
known as pedon descriptions) had until recently been collected in the field on paper forms, and
after the completion of a soil survey area, these forms were filed; stored; and, sadly, often lost or
inadvertently destroyed. Even if the locations of these descriptions were known, access to this
data had been limited or inconvenient to access.
The Natural Resources Conservation Service (NRCS), an agency of the United States
Department of Agriculture (USDA), the lead federal agency of the National Cooperative Soil
Survey, has invested significant resources to capture both historical and new soil descriptions in
NASIS to prevent the loss of this valuable data. Soil descriptions on paper forms are manually
keyed in to NASIS, which is a tedious, expensive, and redundant process prone to transcription
errors.
Although there is no way to automate the data entry of existing soil descriptions on paper, a new
application, PedonCE, is now available to collect new detailed soil descriptions electronically
in the field. The data collected is imported into NASIS without the need to key this information
manually.
PedonCE was created with assistance from ESRI’s Professional Services Division. ESRI was
selected to aid in the development of this ArcPad software-based application because ESRI
demonstrated its ability to program in this environment and because the staff was interested in
developing additional applications within the Pocket PC operating system.
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A soil polygon map derived from data files containing detailed soil descriptions on the PDA transferred to a PC.

Personal digital assistants (PDAs) using Microsoft’s Pocket PC operating system, Pocket
Access, and PedonCE connected to a Windows XP PC complete the local hardware
configuration. Data files containing detailed soil descriptions on the PDA are transferred to the
PC via Microsoft’s ActiveSync software then imported into NASIS.
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PedonCE uses the portability of a PDA and the
power of the Pocket PC operation system.

Site form to describe terrain.

There are many advantages to using PedonCE to collect soil descriptions in the field versus the
traditional paper forms:
 Descriptions are entered once electronically (i.e., no need to key paper forms into the NASIS
database).
 Transcription errors from paper forms to NASIS are eliminated.
 Collected data is permanently stored (no more lost paper forms).
 Forms “remind” the soil scientist of what data can be entered, allowing soil descriptions to be
potentially more complete.
 The software has unabbreviated choice lists for data entry; therefore, the soil scientist does
not need to memorize soil description code abbreviations.
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 The software uses the same data dictionary as NASIS, allowing the seamless import of
PedonCE data into NASIS.
 The software on a PDA is more portable for field use since most PDAs are lighter and
smaller than the clipboards and forms traditionally used to collect this data.
Data entry occurs in four steps to collect information about
 Sites (e.g., elevation, aspect, slope, geospatial location, vegetation present)
 Pedons (descriptions that may include the soil name, name of describer, date, surface rock
fragment percentages, taxonomic classification, etc.)
 Horizons (data about the individual soil horizons or layers within the soil, such as depths,
color, morphology, texture [e.g., sandy loam, clay], and many other physical and chemical
properties)
 Transects (a series of pedons collected across a landscape to gather data about a map
unit’s composition)
The choice lists within the software are national in scope, and therefore may contain many
more choices than needed within a local geographic area. These choice lists can be locally
modified so that only choices applicable to a soil scientist’s area of interest are displayed. This
customization of choice lists can drastically increase the speed of the application as well as data
entry.

Summary

MAY 2007

PedonCE provides the field soil scientist with a tool to record quality soil descriptions
electronically in the field. Collected field descriptions can then be seamlessly imported into the
NASIS database and shared with all NASIS users for analysis, evaluation, and report
generation. Since the release of the software in August 2005, hundreds of pedons have been
entered on PDAs and successfully imported into NASIS.
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PedonCE form to describe surface rock fragments.

Horizon rock fragment form.

Interested potential users of PedonCE can download the software, including system
requirements (PDA and PC), installation instructions, and user manual, at nasis.usda.gov/
downloads.
(Reprinted from the Summer 2006 issue of ArcNews magazine)
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Fighting Fires in the 21st Century
GIS, GPS, and AVL Technologies at the Hartford, Connecticut, Fire
Department
By Ewe-Leng Lim, P.E., Chief Knowledge Officer, Institute of Information Technology, Inc.
Back in 1639, the early settlers of Connecticut adopted the first document in history to
establish a government by the consent of the people. That state’s capital is the city of Hartford,
Connecticut, with a population of more than 121,000, and the city’s fire department is one of
the oldest fire departments in the United States, being officially established in 1864. Today,
the Hartford Fire Department (HFD) is one of 42 fire departments with a Class 1 ranking out
of 33,000 fire departments in the nation, and it is adopting GIS, GPS, and automatic vehicle
location (AVL) technology to help firefighters.
A few years ago, HFD’s first implementation of computer mapping technology used a simple
GPS and AVL system to track the department’s fire apparatus (vehicles) in real time. Although
the system initially adopted was adequate in displaying where the vehicles were in real time, it
lacked the ability to show other layers of interest to HFD, such as the locations of fire hydrants,
water pipelines, building footprints, parcels, and aerial photos. More important, HFD wanted
to make all that information available to the firefighters in the field where they could point to
a hydrant on a digital map and quickly see information about the diameter of the connected
pipeline to determine which hydrant to best use to fight a fire. In the past, the firefighters used
huge foldout paper maps and schematic pipelines with hydrant sizes and locations that each fire
vehicle carried around in a big three-ring binder. What was missing was the GIS component to
the GPS/AVL application.
With this deficiency in mind, deputy chief Eugene Cieri and Carolyn Shumate from the city
of Hartford’s Metro Hartford Information Services Division attended one of a series of mobile
GIS seminars organized by ESRI’s regional office in Danvers, Massachusetts. The Institute
of Information Technology, Inc. (IIT), an ESRI Business Partner, was one of the presenters
at that seminar where it showcased its eRouteTracker—a combination of GIS, GPS, and
AVL technologies that IIT had developed for the Newton Police Department, city of Newton,
Massachusetts. This solution presented the missing GIS component that would meet the needs
of HFD.
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Web browser showing real-time movement of vehicles on a map of the city of Hartford. Users can select a vehicle in the tabular
view below the map to locate and center the vehicle on the map display.

In early 2004, with the joint support and approval of chief of fire Charles Teale; chief of
police Patrick Harnett; and the city’s deputy finance director, Lydia Rosario, IIT started a pilot
program of an integrated GIS, GPS, and AVL solution for both the HFD and the Hartford Police
Department. The pilot, which took full advantage of ArcIMS and MapObjects components,
was very successful in quickly demonstrating the possibilities of GIS to provide more than just
background information for a vehicle tracking application.
MAY 2007
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Teale, along with deputy chief
Daniel Nolan who heads the
fire training academy, came
up with the concept of a
Community Safety Information
(CSI) system that would
enable the department to
gather voluntary information
from the general public to help
HFD be better prepared before
getting to the scene.
"There’ll be a constant
reminder to the general
public to contact us with the
information they want us to
know, so that we will know
what we’re dealing with,” says
A fire truck from the Hartford Fire Department.
Teale. “Included in the CSI
program is the capture of building images from all sides of the building. The goal is to have
firefighters get to scenes faster, be better informed ahead of time, and make the public safer.”
During an actual scene of a fire captured by the local news, Nolan says, “With this system, we
were able to identify the hydrants outside of the addresses, the water mains, the sizes of the
water mains, and information inside the house—how many children, their ages, if they have any
ailments, or if there is anyone with a disability.” Teale further emphasized that HFD is taking a
proactive approach to show that it cares for the safety of the public.
HFD applied for and received GIS-related grant funding for homeland security-related projects,
which has helped the department further enhance the application. Part of the grant was applied
to obtaining newer equipment, including laptops, wireless modems, cellular services, and a
thermal printer that provides outputs on waterproof paper for use in the field to print information
on chemical hazards, etc. Feedback from the field is continually being incorporated into new
releases of the application.
The basic solution from IIT uses ArcIMS as the Web-based mapping service on top of some
AVL server components developed in Java programming language (J2EE) to receive, parse,
GIS BEST PRACTICES
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store, and display vehicle locations in real time on a Web browser client user interface. This
Web-based browser client is available to all personnel with the proper login/authentication within
the city’s intranet. In addition, a rich mobile software client was developed in C# programming
language using MapObjects to provide the mobile data computers (MDCs) installed in each fire
apparatus with a real-time in-vehicle navigation system along with the GIS layers displayed. The
MDC AVL clients communicate with the AVL server in real time to retrieve and display additional
information, such as computer-aided dispatch incident locations and hazardous zones,
generated by authorized users with the proper security authentications.

A customized tool allows the user to point to and click a building footprint on the map to bring up any
Community Safety Information collected, including any images of the building
taken from different sides or even scanned blueprints of building layouts.
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Aerial photos overlaid with other GIS layers provided the fire commanders with information
previously not available, such as the layout of buildings relative to images of parking lots, fenced
access, building quadrangles, etc., to better determine the best staging area or alternate access
to a specific building structure. In addition, the software provides routing capabilities to show the
quickest route to get to the scene of a fire.
The MDC client has role-based security, which means, for example, a supervisor user will be
able to see all vehicles in real time while regular users may only see their own vehicles. “This is
a good example of how we can combine different cutting-edge technologies, such as J2EE and
.NET, into one seamless application while leveraging an organization’s existing infrastructure,”
explains Sergiy Savchenko, IIT’s technical lead on this project.
The MDC AVL clients are deployed on rugged touch screen Panasonic Toughbook laptops to
meet the harsh environments associated with firefighting equipment. The touch screen and
simple user interface make it easy for firefighters to navigate the mapping environment and
obtain the information they need literally at their fingertips.
“I could see there was a vacant parking lot back there, and that in itself was advantageous to
report to the incoming company to utilize the back to stop the progression of the fire on the rear
side of the building,” says deputy chief Carlos Huertas, describing a recent incident where he
used the application to direct response to a firefighting scene.
(Reprinted from the Summer 2006 issue of ArcNews magazine)
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City of Jacksonville, Florida, Maps Its Storm Water
System with GIS
By the early 1970s, only a third of the nation’s public water resources were safe for fishing
and swimming. The lack of success in developing adequate water quality standards programs,
combined with ineffective enforcement of existing laws, prompted the federal government
to pass a comprehensive revision of the federal water pollution control law, known as the
Federal Water Pollution Control Act (FWPCA) amendments of 1972. This act established that
“the discharge of pollutants to navigable waters is not a right” and that “a discharge permit is
required to use public water resources for waste disposal.”
To enforce the law and encourage these principles, FWPCA created the system of permitting
wastewater discharges known as the National Pollutant Discharge Elimination System
(NPDES). Focusing primarily on controlling pollutants from urban and industrial storm water
discharges, Phase I of the NPDES program required all municipal separate storm sewer
systems (MS4s) serving a population of 100,000 or more to acquire a permit.
The city of Jacksonville (COJ), located in northeast Florida, is rich with natural water resources,
such as the Atlantic Intracoastal and the St. Johns River. In June 1991, COJ, along with its
co-permittees—the Florida Department of Transportation (FDOT) District II and the cities of
Neptune Beach and Atlantic Beach—started the process of applying for an NPDES permit
that would cover the largest MS4 in the nation. The application was accepted, and the permit
was acquired in March 1997. COJ and FDOT jointly turned to England-Thims & Miller, Inc., of
Jacksonville, an ESRI Business Partner, to prepare their permit applications and assist in the
fulfillment of the permit’s requirements after its issuance.
Because the city of Jacksonville spans more than 758 square miles, the most time-consuming
and labor-intensive task associated with meeting the requirements of the permit was the
mapping of the MS4. The inventory included the locations and pathways of storm water pipes,
along with inlet, manhole, and outlet construction information, all of which are stored in an ESRI
geodatabase with submeter accuracy.
The MS4 spatial data was compiled through a process that involved both intensive field data
collection and a review of design drawings and as-built drawings acquired from both the city of
Jacksonville and FDOT. However, despite every effort to ensure the accuracy of the inventory,
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some logical gaps still exist within it. Gaps are due to a variety of reasons, including updates
to the existing system, missing or inaccurate record drawings, a lack of access by field crews
caused by private property rights, paved-over manholes, or any number of other real-world
conditions that hinder the accuracy of any project. To correct these gaps and acquire MS4
information in areas of new or updated construction, England-Thims & Miller and its surveying
partner Robert M. Angas Associates are conducting a field quality assurance (QA) program.

Field survey basemap of the city of Jacksonville area.

MAY 2007

20

MOBILE GIS

To optimize this field QA process, England-Thims & Miller selected the Field Adapted Survey
Toolkit (FAST) from ESRI Business Partner GeoAge, Inc., of Jacksonville. COJ selected this
software because it dynamically adjusts to changing data collection requirements and allows
rapid design and deployment of mobile data collection forms to the field. Its designer module
incorporates ArcGIS Engine technology directly so that ArcView users can view the survey
locations spatially and open applicable collection forms from a map. Also, its ArcPad applet allows
users to view locations of surveys on their Pocket PC mobile device. FAST also allows digital
photos and GPS coordinates to be easily associated with surveys.
The old method of cross-referencing of documents and
paper maps in the field was tedious and time-consuming.
Using mobile devices loaded with ArcPad and FAST working
together allows field crews to take data layers crucial to
resolve “gaps” into the field. The field crews now have instant
access to feature classes depicting the current state of MS4,
planimetric data, topographic data, aerial photography of the
region, major and minor basin boundaries, and hydrologic
features.

Using field software to collect information
about a storm water structure.

The evolution of hardware and software has allowed EnglandThims & Miller to greatly improve the processes associated
with the NPDES permit. “When we started data collection
in 1996,” explains Kim Garbade of England-Thims & Miller,
“because of the state of the existing technology, we would go
out with two teams: one that collected the attribute and image
data and the other that collected the feature’s coordinates.
We would postprocess this data into shapefiles.” As GIS
technology has evolved, COJ has improved the process
and can collect photographic, attribute, and positional data
simultaneously with a one-man crew, and now stores the data
in a SQL Server geodatabase using ArcSDE.

(Reprinted from the Summer 2006 issue of ArcNews magazine)
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The Nature Conservancy Uses Mobile GIS Technology
in Fight Against Invasive Species
By Jason Karl, Idaho GIS Manager, The Nature Conservancy
As people increasingly travel and ship goods around the world, they may intentionally
or unintentionally move organisms from their native ranges and introduce them into new
areas. While most of these introductions are not problematic, an increasing number cause
environmental and economic harm. Invasive species are those organisms introduced by
humans or human activities into environments to which they do not naturally occur, resulting in
adverse consequences. Invasive species pose serious threats to natural systems around the
world by altering ecosystem processes, such as fire regimes or water availability, and reduce
native biodiversity through competition, displacement, or habitat degradation.
While a common perception of invasive species is that they mainly inhabit agricultural areas
and heavily impacted sites, the reality of the matter is that they are making inroads into even
the most pristine natural areas. The Nature Conservancy (TNC), a nonprofit conservation
organization working with partners throughout the United States and internationally to preserve
habitats necessary to sustain the earth’s biological diversity, views nonnative species invasions
as a primary threat to global conservation and as having a significant impact not only on
unprotected areas but also on parks, preserves, and other conservation areas worldwide.
Invasive species are an inherently dynamic and spatial problem—new infestations are being
detected, and known ones are eradicated or change in size and density with treatment. In
response, TNC’s efforts to fight invasive species focus on four strategies: prevention of new
invasions, early detection and eradication of new infestations, treatment or restoration of
infested sites, and education and outreach to inform policy makers and the public. For each
of these strategies, collection and management of spatial information are crucial. Accordingly,
mobile GIS technologies offer a tremendous opportunity to aid the fight against invasive
species.
TNC is employing ESRI’s ArcPad and Application Builder in two efforts to combat invasive
species. The Weed Information Management System (WIMS) is a database designed to collect
spatial and attribute data about invasive species occurrences and their management treatments.
GIS BEST PRACTICES
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First, data is collected using ArcPad on handheld computers
and can be uploaded to a desktop version of the database
and integrated with desktop GIS applications, such as
ArcView.

The Nature Conservancy’s Weed Information
Management System takes advantage of
ArcPad software’s GIS/GPS capabilities.

Mark Porter, Rangeland Stewardship coordinator for Wallowa
Resources, during a digital aerial sketch-mapping flight.
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Second, weed infestations are being mapped
from the air with ArcPad on pen-tablet PCs
with an approach called digital aerial sketch
mapping (DASM). Researchers and developers
from the conservancy tested several mobile
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GIS applications and selected ArcPad for these applications because it provided the best mix
of functionality, such as GPS integration and background image display; interoperability with
existing GIS data and applications; and customizations, such as data-entry forms and projectspecific toolbars.

Weed Information
Management System

Even though TNC field staff members have
been working for many years to manage
and control weed populations, there has
been no suitable method for tracking weed
management activities at either site or
landscape scales. The lack of good,
accessible records of the staff’s work
inhibited the ability to share lessons learned
from weed inventory and control efforts and
the conservancy’s ability to make wellinformed management decisions to help
prioritize and achieve on-the-ground
results. WIMS is a Microsoft Access-based
relational database application designed to
assist natural resource managers in
managing their weed data.
Three types of data records are tracked in
WIMS: weed occurrences (point locations),
assessments (size and status of the weed
infestation to facilitate monitoring over
time), and management treatments applied
to those weed infestations. Users can
export data as shapefiles and database
tables directly from the WIMS desktop
database to a Pocket PC handheld device.
Steve Buttrick from The Nature Conservancy’s Oregon chapter uses
In the Pocket PC, they can then take full
the Weed Information Management System’s ArcPad interface.
advantage of ArcPad software’s capabilities
to navigate to existing weed infestations
and monitor changes in weed infestations over time. A custom WIMS applet and data-entry
forms developed in Application Builder allow users to enter weed information in the field and
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capture spatial data through an attached GPS unit or by drawing directly on the screen. Data
collected via ArcPad can then be synchronized back to the WIMS database where it can be
used to generate reports, track changes, or be exported and sent to other users or applications.
An extension written for ArcMap provides for integration of the WIMS database with existing GIS
data and projects.

Digital Aerial Sketch
Mapping

Aerial sketch mapping was developed in the 1940s as a technique for quickly identifying and
mapping infestations of forest pathogens and insects. Observers sketched the locations of
infestations on paper maps while flying transects over a survey area. With the advent of
touch-sensitive computer displays and integrated GIS/GPS software, it became possible to use
moving-map displays to constantly show the aircraft location against background data and
images and enter survey data directly in the computer. The USDA Forest Service pioneered the
DASM variation of this technique in the 1990s and demonstrated that it could produce highly
accurate results. TNC became interested in DASM as an alternative to traditional image-based
remote-sensing techniques for early detection and monitoring of infestations of invasive plants
in the Hells Canyon region of Idaho and Oregon.
TNC’s DASM system consisted of an Xplore Technologies iX104 C2 rugged Tablet PC with
AllVue display running ArcPad and an EMTAC Bluetooth GPS. It used United States Geological
Survey 1:24,000- and 1:100,000-scale digital raster graphics as background images to assist
in the location of weed infestations on the map display. Vibration and movement of the aircraft
often make it difficult to hit small icons and buttons on the Tablet PC screen, so TNC customized
ArcPad software’s toolbars to list the commonly used tools across the toolbar. It also added
custom tools that would zoom to preset levels, as well as show circles of one and five acres on
the screen to aid in estimating the size of mapped infestations. Custom data-entry forms made
data entry into shapefiles quick and efficient with large text and form controls, making extensive
use of radio buttons and drop-down lists. ArcPad software’s tracklog feature enabled viewing of
the survey’s flight path in relation to the survey area to ensure adequate coverage.
Although chartered aircraft time can be expensive, the DASM technique allows surveying of
large landscapes in a manner that is more cost efficient than either ground-based surveys or
other remote-sensing techniques. Additionally, DASM provides a survey method in which TNC
can quantify errors (both classification as well as locational) and turn around information much
quicker than other remote-sensing techniques.
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Conclusion

ArcPad is a powerful mapping application for TNC that is also easy to use and affordable. This
should allow land management agencies and other organizations to train existing personnel in
these survey techniques for their invasive species survey and monitoring needs.
Successful management of invasive species hinges on the ability to prevent infestations
and detect and eradicate new infestations before they spread. Additionally, due to budgetary
constraints and the expanding threat of invasive species, land managers must constantly seek
out the most efficient methods for managing invasive species. ESRI’s mobile GIS technologies
(ArcPad and Application Builder) have helped revolutionize the way invasive species information
is gathered and managed, allowing data to be collected and shared more quickly, accurately,
and efficiently than ever before—ultimately increasing TNC’s ability to combat invasive species.
(Reprinted from the Fall 2005 issue of ArcNews magazine)
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Edgecombe County
Cut Field-Mapping Time in Half Using Mobile GIS
Edgecombe County, North Carolina, likes to be known for its charm, hospitality, and
environmental stewardship. A few years ago, the state informed the county that the freshwater
aquifer was drying up. To better safeguard the water supply, Edgecombe economic developers
set their sights on attracting environmentally friendly companies that would not pollute the
freshwater aquifer. That motivation led to a $40 million engineering and construction project that
will eventually replace the entire water and wastewater system in the 505-square-mile county.
Using mobile GIS, the county decided to map the entire water/wastewater infrastructure, both
old and new, and have this database reside inside the county’s existing GIS.

The Challenge

This project would require field mapping more than two dozen feature types and collecting up to
15 attributes per feature along 400 linear miles of water and sewer transmission mains.
Mapping crews would have to accurately locate and collect attribute information for every
pressurized line, gravity line, manhole, control valve, storage tank, fire hydrant, meter vault, and
pump station. Mapping would drill down to the level of individual pump stations and meter vaults
including their method of treatment and the types of pumps and meters they contain.
The decision to map the water/wastewater infrastructure was driven by three factors.
 As the new system ages, an accurate database of component locations and conditions will
be required for efficient management and maintenance.
 A GIS database would enable the county to more easily meet the reporting requirements
of the U.S. Government Accounting Standards Board directive known as GASB 34, which
mandates that all local governments maintain detailed inventories of their infrastructure
assets for accounting purposes.
 County residents and businesses may qualify for reduced fire insurance rates if certain
water access standards are met including the availability of detailed fire hydrant location
maps.
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Problem

Goals

Edgecombe County needed to map and inventory its entire water/wastewater infrastructure
inside its existing GIS.

 Compile a detailed database of the entire system, old and new, in two months.
 Manage and maintain updates to the system more efficiently.
 Create a seamless work flow between the GPS data collected in the field and the enterprise
geodatabase in the office.

The Solution

Without the staff to perform the mapping,
“We knew from experience that to get
Edgecombe turned to The Wooten Company,
maximum benefits from two technologies,
a Raleigh-based engineering, planning,
the integration between them must be fast,
and architectural design firm. The county
seamless, and easy.”
chose Wooten because the firm was already
performing the preconstruction engineering
Alex Fuller
work for the water/wastewater upgrade
GIS Coordinator
project and was, therefore, familiar with the
The Wooten Company
components to be mapped. The county also
knew that Wooten maintained survey crews
for site-mapping projects. Known for its willingness to adopt new technologies to accommodate
the diverse and changing needs of its clients, the firm saw both a challenge and an opportunity
in the mapping contract.
For previous asset mapping projects, Wooten had exclusively used traditional survey technology
in the field; however, with a two-month deadline and thousands of features to collect, the
firm knew it could not use survey equipment to complete the project. The time was right for
its planned switch to GPS technology for field mapping. Wooten decided to use the Trimble®
GeoExplorer ® series of handheld mobile devices. This product line had been selected because
it combines a submeter GPS receiver and a handheld GIS data collection computer in a single
ruggedized unit for rapid collection of attribute and location data.
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Before making the purchase, Wooten wanted to ensure there would be direct compatibility
between the new GPS equipment and the firm’s existing suite of ESRI ArcGIS software. It
planned to build the Edgecombe geodatabase with ArcInfo. Alex Fuller, Wooten GIS coordinator,
says, “We knew from experience that to get maximum benefits from two technologies, the
integration between them must be fast, seamless, and easy.” The engineering firm obtained a
bundled hardware-software package, which included a Trimble GeoExplorer GeoXT™ equipped
with ESRI’s ArcPad mobile GIS software and the Trimble GPScorrect postprocessing extension.
In addition, Wooten acquired Trimble’s GPS Analyst™, a new ArcGIS extension that creates a
seamless work flow between GPS data collected in the field and the enterprise geodatabase in
the office.
Wooten printed schematic diagrams of the water/wastewater system map books to assist in
locating system features in the field. With guidance from the county, the firm’s GIS specialists
generated data models, or classification structures, of the attributes that would be collected in
the field for each type of infrastructure asset and created a geodatabase based on the data
model that had been created. Attribute and location data would be gathered simultaneously
during the field mapping with ArcPad.
At the beginning of each day’s fieldwork, which mostly takes place on the dusty shoulders
of roads and highways running alongside the water pipe rights-of-way, Wooten technicians
open the GPS Analyst program operating inside ArcGIS on a laptop computer to “check out”
the datasets to be mapped. This means the geodatabase files relating to those infrastructure
features that will be mapped or updated are selected and uploaded by USB cable link from the
laptop to ArcPad running on the GeoXT handheld.
In the field, ArcPad displays a schematic of the water system assets that will be mapped. As
the field crew locates each feature, an on-screen point-and-click menu generated from the data
file assists the user in collecting the desired attribute information. As the crew member enters
the descriptive data into ArcPad, the GPS receiver records 20 location points for each feature
in less than one minute. This location data is stored with the other attribute data in the mobile
geodatabase inside the GeoXT. “Usually the record drawing gives us a pretty good idea of
where the pipes run,” says Fuller, “so we know where to look for valves and other features, but
sometimes we find a fire hydrant where there is no record of one existing. We simply add it to
the database. This is where field mapping will really pay off for the county.”
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Completely transparent to the Wooten field technician, the Trimble GPScorrect extension is also
running inside ArcPad, collecting additional data from GPS satellites that will be required later
to postprocess the 20 locations recorded by the receiver. Differential postprocessing allows the
crew to enhance the accuracy of the location data to less than one meter. In the end, the crews
collect more than double the features available with traditional surveying techniques.
Once the fieldwork has been completed for the day, the crew
reconnects the GPS receiver with the laptop computer to
download field data into the ArcGIS geodatabase. Working
in ArcGIS, the GIS specialist then accesses GPS Analyst to
differentially correct and edit the GPS points collected in the
field. Differential correction of GPS data previously involved first
exporting the GPS data to an external software package, but
now Wooten technicians perform the task of postprocessing
data within the geodatabase. They click on the differential
correction tool and select from a list of local reference station
sources. The differential correction wizard within GPS Analyst
assists in determining which source provides the best coverage
for that day’s points, then connects with the base data provider
to access the appropriate correction data. The software
completes the postprocessing automatically inside ArcGIS
within minutes compared with the hour or more it once took to
export data and correct it externally.

“The data transfer and editing work flow
are so simple that you forget you are
working in another software package
inside of ArcGIS.”

A GPS cursor shows the user’s current
position while collecting data.

Alex Fuller
GIS Coordinator
The Wooten Company
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GPS Analyst provides postprocessing of GPS data collected with ArcPad.

The GPS Analyst extension also allows the Wooten field crews to validate GPS points by
visualizing each of the 20 location values collected for every fire hydrant and manhole shown
on-screen. By looking at the data cluster, they can determine which points are not consistent
with the others. With a mouse click, these errant points can be deleted to improve the average
value of the remaining points and, thus, the accuracy of the overall feature map.
Once the field data has been collected, Wooten overlays the new layer of water and wastewater
features on a digital orthophotograph of Edgecombe County. Many of the larger assets, such
GIS BEST PRACTICES
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as pump stations, water storage tanks, and meter vaults, are readily visible on the orthophoto.
GIS specialists compare the location of the features mapped in the field with those visible on the
orthophoto. Wooten GIS analysts have determined the accuracy of the data collection is well
within the one meter mandated by Edgecombe County.

ArcPad is used to collect water and sewer
infrastructure information, represented
as colored points and lines.

Information is input into ArcPad data collection
forms while in the field.

“This mobile GIS solution has more than doubled
the number of small features, such as valves,
manholes, and fire hydrants, that we can collect in a
day compared to traditional survey techniques.”
Alex Fuller
GIS Coordinator
The Wooten Company
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The Wooten Company was familiar with the benefits of mobile data collection prior to adopting
it for use on the Edgecombe project. However, ArcPad and GPS Analyst surpassed the
company’s expectations: “The data transfer and editing work flow are so simple that you forget
you are working in another software package inside of ArcGIS,” says Fuller.
As Fuller notes, “This mobile GIS solution has more than doubled the number of small features,
such as valves, manholes, and fire hydrants, that we can collect in a day compared to traditional
survey techniques.” The technology has proven to be cost-effective, time saving, and extremely
accurate for The Wooten Company. In the end, it permitted Edgecombe County to get an
accurate and complete spatial representation of its water/wastewater system within its strict time
frame.

Results

 Gathered location and attribute data simultaneously during field mapping
 Collected data accurate within one meter with the use of automatic differential
postprocessing
 Recorded double the features available with traditional surveying techniques
 Transferred data from mobile device to in-office computer effortlessly
 Completed mapping of system within set time frame

ESRI Software Used

ArcPad
ArcInfo

Other Software Used

Trimble GPS Analyst for ArcGIS
Trimble GPScorrect for ArcPad

Hardware Used

Trimble GeoExplorer GeoXT

(Reprinted from an ESRI Case Study)
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Laurens Electric Cooperative
Mobile GIS Improves Asset Inspections and Cuts Costs
Overview

History

Laurens Electric Cooperative (LEC) is a nonprofit, member-owned electric distribution utility
located in upstate South Carolina. After implementing an enterprise-wide geographic information
system (GIS), LEC wanted to leverage its GIS data to cut costs and improve the productivity of
its field crews. Using ArcPad, a solution was created that eliminated the need for printed map
books and improved the data collection associated with asset management, redline staking, and
circuit inspections.

LEC was founded in May 1939 to bring electric service to sparsely populated rural areas in
upstate South Carolina. Since then, LEC has grown to become the fourth largest cooperative—
by number of members—in South Carolina. LEC serves more than 47,000 residential,
commercial, and industrial consumers in the counties of Abbeville, Anderson, Greenville,
Laurens, Newberry, Spartanburg, and Union.
In 2001, LEC recognized the need to replace its computer-aided design (CAD)-based system
with an enterprise GIS. They selected GIS software from ESRI and its business partners
Miner and Miner and MESA Solutions. The resultant solution enabled them to create a central
database that was integrated with their customer information system/financials software and
outage management system. ESRI’s GIS solution helped them accurately track distribution
assets for the first time, making them readily available for the entire staff. Using the GIS, they
were able to generate revenue through accurate and current attachment inventory as well as
support marketing efforts for additional services.

The Challenge
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The traditional paper map books LEC crews used to locate assets in the field were costly and
permitted only limited views of the service area. Any recorded data had to be painstakingly
updated in the corporate database. This time-consuming routine led to out-of-date and
inaccurate data. Also, once arriving at a service location, field crews needed to call into the
office for information regarding the account in question, which led to dispatch radio traffic. LEC
needed to find a solution to reduce radio traffic as well as improve data capture while
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seamlessly working with its existing GIS. James Owens, GIS supervisor, LEC, says, “We’re
constantly looking for new ways to take advantage of our enterprise GIS and extend it. We
recognized that deploying GIS in the field would lead to more accurate, up-to-date information
and reduce the time and resources needed to update data in the office.”

Problems

Goals

Laurens Electric Cooperative needs to replace paper-based map books and improve field data
collection with mobile GIS.

 Reduce costs and time needed to collect/edit/load data.
 Reduce dispatch radio traffic.
 Increase data accuracy.
 Make data for the whole system viewable while in the field.

The Solution

ESRI’s ArcPad mobile GIS software was a logical choice because of its extensive GIS
functionality and low price point. ArcPad is ESRI’s software solution for mobile GIS and field
mapping applications. ArcPad provides mapping, GIS, and GPS integration to field users via
handheld and mobile devices.
MESA Solutions customized ArcPad to meet specific requirements defined by LEC. An
enhanced geodatabase-to-ArcPad extraction tool was created that provides the extraction
of related tables and the ability to order and rename attributes in shapefiles. MESA has also
enabled ArcPad to capture inspection and maintenance records. This captured data is then
imported into the ArcFM (a utilities mapping extension to ArcGIS from Miner and Miner)
geodatabase for reporting and tracking purposes.
The field application provides the same mapping detail that is available in the office. Users
can pan, zoom, and find data at different scales. As a crew member zooms in on a particular
area, data is automatically visible at the appropriate scale. Field crews can also view substation
data by displaying each substation and associated circuit in unique colors. This provides rapid
identification of circuit areas and a phase-specific display with color-coded phasing information.
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Field crews can quickly identify where power is coming from, and as switching is done, the field
data instantly reflects the change.

Color-coded phasing information allows for quick identification of power switching.

GIS BEST PRACTICES
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Select a feature and enter data in the inspection form.
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Known as Field Viewer, the application is now deployed on HP® Compaq 7010 laptops for data
collection and map viewing. Daily, LEC’s field crews plug their laptops into the network and, in
minutes, download data updates of their entire service area automatically from the enterprise
GIS database. Once data is downloaded, crews bring their laptops in the field and are able to
view the latest information.
With Field Viewer, LEC’s field crews can now view their
entire service area while in the field, utilize the most up-todate and accurate service data available, and upload data to
the enterprise GIS architecture once back in the office. This
workflow has increased productivity and operational efficiency
for LEC, while reducing dispatch radio traffic.

View entire service area
while in the field.

Owens sums up the impact mobile GIS has had on LEC:
“Having up-to-date information available to field crews ensures
excellent customer service for maintenance, outage restoration,
and more. Perhaps the greatest measure of the project’s
success is user participation. If someone doesn’t have a laptop
with ArcPad, they want one.”
Based on the success of Field Viewer, a new application—the
Inspection Tool—is now being deployed for QA and QC of
evolving data including pole attachments, yard lights, and
others.

Results

 Accurate and up-to-date data for the entire service area can be viewed in the field.
 Dispatch radio traffic is reduced.
 Daily data can be downloaded quickly and effortlessly.
 Data can be recorded, edited, and viewed in a customized format.
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“While there has been a
substantial cost savings, the
greatest benefit cannot be
easily measured, and that is the
user trusting the information
provided by ArcPad.”
James Owens
GIS Supervisor
Laurens Electric Cooperative

Software Used

Hardware Used

ArcPad (ESRI)
ArcFM (Miner and Miner)

HP Compaq 7010 laptops running Windows® XP

(Reprinted from an ESRI Case Study)
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Mobile GIS Enhances Prevention and Response for
Texas County
The mosquito control division of the public health department in a Texas county is using GIS
and GPS as part of a comprehensive program for preventing and controlling mosquito-borne
diseases. The Harris County Mosquito Control (HCMC) division operates as a series of systems
that perform disease surveillance, test the effectiveness of abatement efforts, and conduct
pesticide resistance testing.

Simple maps that use familiar geographic boundaries—ZIP Codes—help
HCMC notify the public of aerial treatment for vector-borne disease.

GIS BEST PRACTICES

43

WWW.ESRI.COM/MOBILEGIS

Harris County, Texas, is the third largest county in the United States. Its population of more
than 3.5 million is spread over 1,700 square miles. HCMC serves the entire county including
the city of Houston. As part of the county health department, HCMC has taken an active role in
developing technology that better serves the public and helps prevent vector-borne diseases,
particularly St. Louis encephalitis and West Nile virus.
HCMC received one of the Mobile Government grants given jointly by ESRI and Trimble.
The grant made detailed field data collection possible and streamlined the data integration
techniques of field staff and managers. The county received a Trimble GeoXT handheld field
data collection unit with ArcPad. HCMC personnel have developed better field data collection
techniques and are more effectively monitoring surveillance and control efforts. GIS and GPS
have become integral to disease surveillance in Harris County. This equipment has significantly
enhanced HCMC’s ability to respond to disease outbreaks.
Traditionally, spatial analysis of disease has been fundamental to public health departments.
Activities such as public notification, archiving, analysis of treatment efforts, and research
collaborations all have integrated geospatial data. HCMC’s team of entomologists, field and
laboratory staff, public health officials, and one geographer uses geospatial technology to
gather, sort, display, and analyze data relating to mosquito-borne diseases.
HCMC laboratory personnel act in concert with field personnel in collecting mosquitoes and
birds for disease surveillance and conducting on-site testing and evaluations. ArcPad forms
expedite entry of data, which was previously recorded on paper in the field and then manually
entered into a database after returning to the main office. Now field technicians and supervisors
can collect surveyed coordinates for a variety of data, display sites on a reference map, and
immediately capture environmental conditions and note potential mosquito breeding habitat
locations. ArcPad simplifies the process of recording accurate data. Some frequently used
applications include the inspector’s forms for monitoring collection sites for mosquito larvae and
areas treated with larvicide.
The Test and Evaluation (T&E) laboratory assesses commercially manufactured mosquito trap
endurance and effectiveness for mosquito abatement and surveillance. In addition, the T&E
laboratory conducts resistance testing of commercially available pesticide products to determine
if the mosquito populations breeding in specific areas of Harris County are becoming resistant
or less sensitive to pesticides.
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To test pesticide resistance, pole-mounted cages are erected in a 200-by-300-foot grid.
Each pole holds two cages. Each cage contains a carefully counted number of Culex
quinquefasciatus mosquitoes, the main vector species of St. Louis encephalitis and West Nile
virus in this region. One cage contains the test mosquitoes collected from field populations, and
the other contains a susceptible strain of colony mosquitoes.

To test pesticide resistance, pole-mounted cages are erected in a 200-by-300-foot grid. Each pole holds two cages—one
contains the test mosquitoes collected from field populations, and the other contains a susceptible strain of colony mosquitoes.

The next step in the resistance testing is the introduction of the pesticide. In this region, the ultra
low volume (ULV) spray truck is the most commonly used application method. For the test, the
spray truck is driven at five miles per hour past the grid in a path perpendicular to the prevailing
winds, so that the plume of pesticide is carried through the grid of poles. After the drift has
GIS BEST PRACTICES
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dissipated, the mosquitoes are collected from the cages. The collection of survivors is observed
during the following days in the laboratory and mortality rates are noted for each site. This
allows the T&E laboratory staff to ascertain the effectiveness of the tested pesticide; the results
become invaluable for vector-borne disease prevention.
The use of georeferenced data helps ensure the accuracy of the grid setup and drive path for
the spray truck. The data recorded at each pole site is then used to analyze and display the
sensitivity of the mosquitoes at each site to specific pesticides. Although this project was not
included in the original mobile government grant proposal, it has proven to be one of the most
beneficial uses of the grant.
The advantages of field data collection have been used in the Inspection, Test and Evaluation,
Mosquito Surveillance, and Avian Surveillance sections of HCMC. ArcPad Application Builder
was used to create forms for specific purposes. While each section has unique functions and
collection techniques, each section gathers point data. The field data collection forms for each
section are simple. These forms can easily be completed in the field and seamlessly record the
same data previously entered in the office.
Data management has been improved by using data tables stored in Microsoft Access
databases that were created by each section. These data tables store detailed data for each
sample collected and each site visited. The ArcPad forms create a DBF file with the same fields
used in the existing databases so these files can be downloaded and integrated with those
databases. Building on the present database format, the ArcPad forms were easily deployed to
field personnel already familiar with the data they had to collect.
HCMC personnel have aggressively implemented an active and updated geographic information
system. They strive to build better datasets and share valuable data with other agencies
in a timely manner. As a public agency, HCMC has set the standard in vector and disease
surveillance. As part of the Harris County Health Department and the greater Harris County
area, HCMC actively promotes the use of GIS in all aspects of surveillance, analysis, and
reduction of disease occurrence.
(Reprinted from the April–June 2005 issue of ArcUser magazine)
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Mapping an Underground Threat to National Parks
With ArcPad
In February 2004, researchers at the Natural Resources Research Institute (NRRI) and National
Park Service initiated development of a personal geodatabase for an earthworm inventory to be
conducted during summer 2004. This study would measure the impact of European earthworm
invasions on vegetation and soil characteristics at two Great Lakes national parks—Pictured
Rocks National Lakeshore, located in the Upper Peninsula of Michigan, and Voyageurs National
Park, located in northern Minnesota.
Earthworms can significantly change soil composition which, in turn, can alter the type and
number of plant species in a park. The information gathered by the inventory will be used to
document the spread of earthworms from probable invasion points as well as measure the
impact these earthworms have had on the local vegetation. This data will also become part
of the National Park Service’s Inventory and Monitoring program. The principal investigators
wanted to use handheld computers (PDAs) for data collection and decided that this project
would be a good opportunity to create a customized ArcPad solution.
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Project Design

By using maps that included data on soil
characteristics and vegetation coverage,
researchers tentatively identified discrete sites
within each park that met specific criteria for
inclusion in the study. From those sites, they
picked approximately 120 10-meter by
10-meter plots where surveys of the plant
species, earthworm populations, and soil
characteristics would be conducted. These
plots were represented as points on a map.
Once in the field, researchers used Pocket PCs
in conjunction with handheld GPS units to
navigate to each plot. If, on inspection, a plot
did not meet the study criteria, researchers
would look for a more suitable site nearby.
When one was found, the plot points would be
relocated in the ArcPad project using the GPS
unit.
At each site, information on each plot would
be recorded through seven different surveys
on herbaceous plants, seedlings, small and
large saplings and shrubs, trees, earthworm
populations, and soil characteristics. Potentially,
This map was used for collecting data at Pictured Rocks
each survey could be conducted by different
National Lakeshore. Possible plot points are shown as red
researchers at different times. For example, at
dots while the colored areas represent vegetation coverages.
one plot, one researcher might conduct surveys
of all herbaceous plants and seedlings, while another researcher might survey the small and
large shrubs. Later, two other researchers might revisit the plot to conduct the earthworm and
soil surveys. ArcPad customization was needed to allow NRRI personnel to collect data from the
various surveys for each plot. The final solution included both a customized ArcPad layer and an
applet.
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Customized ArcPad
Layer

Because researchers wanted to identify 120 plot points in two national parks, a customized
Plots layer was created for use with each map. The Plots shapefile contained extensive
information about each plot that included its location within the park, land characteristics, and
overall vegetation condition. This information was stored as attributes of the Plots shapefile. It
was easy to use ArcPad Studio in ArcPad Application Builder to create a customized edit form to
furnish this information to the researchers for editing. External data tables were used extensively
to store the lookup values for the combo boxes that presented data entry choices to
researchers.
A different approach was taken for the actual survey data that researchers collected. Survey
data for each plot was stored in external dBASE (DBF) tables. Separate pages showed the
data currently collected for each individual survey at a specific plot so researchers could get a
quick overview of the data collected at each plot and still have the option to add, edit, or delete
records associated with that plot.
Separate data entry forms were created for each survey. Again, combo boxes were used
extensively to ensure only valid data was entered. Data entry forms were also programmed to
check for missing data. If one or more fields were unselected, the record would be marked as
incomplete. If desired, the user could view only the incomplete records on the plot survey data
page.

Applet Manages
Species List

In addition to the customized layer, a custom applet was created to support data entry. At
each park, researchers could encounter thousands of native plant species while surveying
plots. A drop-down list with thousands of entries was not practical. However, an applet called
SpeciesPicker was developed that allows researchers to dynamically prune the list of plant
species for a given plot survey while maintaining a comprehensive list of all plant species for a
given park.
Generating a separate, smaller table to populate the combo boxes was necessary because the
Pocket PCs did not have enough processing power to dynamically select and display a subset
of the plants table, which contained thousands of species. When using the entire plant table, the
time to open a page and populate the combo box was interminable.
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The SpeciesPicker applet presents
information about all plant species found
in both parks in a list sorted by scientific
name. This information was compiled by
researchers and stored in an external
DBF table. SpeciesPicker allows the user
to filter the list by plant type and park.
The user can select individual plants from
the entire list and add them to a separate
external DBF table. This smaller table is
then used as the source of combo boxes
presented to users conducting plant
surveys.

The main tab of the SpeciesPicker Applet displays all the herbaceous
plants found at Pictured Rocks National Lakeshore.
The Add Selected button adds the selected plants to a smaller
list of plants displayed on the Plot Species tab.
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Project Considerations

The project took one programmer, who was proficient in coding in Visual Basic for Applications
but who was a complete novice at ArcPad and ArcPad Studio, about one month to create the
entire customized layer and applet. In addition to many customized data collection pages,
approximately 2,000 lines of VBScript were written as part of this project.
During summer 2004, the application was used to collect data that will be used by NRRI
researchers to study the effects of exotic earthworm invasions on the national parks. This data
will also be used by the National Park Service to document and monitor the spread of invading
earthworms. Using ArcPad to tie data from the Plots shapefile to survey data stored in external
DBF tables made this project unique. Researchers hope to use ArcPad in the future for other
data collection efforts in the national parks.
(Reprinted from the October–December 2004 issue of ArcUser magazine)
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North Carolina Division of Public Health
Mobile GIS Speeds Disaster Relief
Natural disasters pose serious risk not only at initial impact but also in their aftermath.
Outbreaks of disease and damage to infrastructure can quickly affect public health and the
local economy. Armed with experience responding to disasters and knowledge of geographic
information system (GIS) technology, the North Carolina Division of Public Health developed a
mobile GIS application that improved its ability to collect information and mobilize aid following
natural disasters.

The Challenge

Problem/Solution

Goals

In 2004, an active hurricane season was ushered in on the southeastern seaboard of the United
States. Hurricane Charley roared into North Carolina at midday on August 14 with sustained
winds of 75 mph and gusts to more than 80 mph. The storm brought heavy rain and wind to
the state, where three people died in a tornado spawned by the double punch of Charley and
Tropical Storm Bonnie. How do states respond to the health needs of citizens after a disaster of
this kind? Normally, a state public health system would request the Centers for Disease Control
(CDC) to conduct a rapid needs assessment (RNA) to estimate the nature and magnitude of aid
necessary following a disaster.

The North Carolina Division of Public Health uses mobile GIS to create a more efficient and
quicker process to complete needs assessment surveys following hurricanes.

 Complete a needs assessment following a disaster more efficiently.
 Navigate with driving directions and GPS to survey locations.
 Streamline data capture in the field with improved accuracy.
 Train personnel quickly on the new system.
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The Solution

The North Carolina Division of Public Health set
up a special team tasked with conducting needs
assessments following hurricanes without the support
of the CDC. The state contacted ESRI business
partner, Bradshaw Consulting, based in Aiken, South
Carolina, to assist in the creation of a solution for
streamlining needs assessments following a disaster.
ArcPad software was selected based on its ability to
share data with other ESRI software products and
its compatibility with many global positioning system
(GPS) receivers. ArcPad is a mobile GIS software
product used for taking GIS data into the field for
editing. With ArcPad, members of the assessment
team are able to identify an affected area, mark its
location on a map, and fill in electronic forms that
are associated with the location, all in the field. Once
collected, information from a needs assessment survey
can then be used to update data back in the office.

“ArcPad made sample selection,
mapping, data collection,
and reporting simpler and less
time consuming.”

ArcPad is mobile GIS software designed
to take data into the field for updating.

Will Service
Industrial Hygiene Coordinator
North Carolina
Division of Public Health
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ArcPad Application Builder, a development
framework for creating custom mobile GIS
applications, was used to produce electronic
versions of paper needs assessment forms. Tools
were also created to automate work flow in the field
and aid the completion of forms. For example, a tool
was built that automatically fills in census information
on the form.
The assessment team was outfitted with 10 Hewlett–
Packard iPAQs running ArcPad and the ArcPad
StreetMap extension, which provides a street data
network for routing with driving directions. Training
with ArcPad was minimal, taking less than three
hours.

Working in the Field

Once deployed, the rapid needs assessment (RNA)
team calculated routes to the survey locations using
ArcPad StreetMap. With a connected GPS receiver,
the team is able to see their current position on the
map display and follow driving directions to survey
locations.

The North Carolina ArcPad project enables routing to
survey locations, GPS integration, mapping, and
data entry, all within a single application.

When the team reaches the survey location, a
member clicks an ArcPad button and a custom data
entry form with drop-down boxes and pick lists is displayed. Survey responses are entered
into the form as interviews are administered. The use of an electronic form improves survey
accuracy through verification processes and eliminates the step of reentering paper-based
information into a database. Once all the surveys are completed, the teams return to the staging
area and upload the data into Microsoft Access for analysis with EPI Info. EPI Info is analytical
software designed by the CDC for public health departments.
Mark Smith, Ph.D., epidemiologist with Guilford County Department of Public Health, states, “A
number of design features are built into the Rapid Needs Assessment ArcPad form that made
the process easier for users and reduced the chance of mistakes. As a result, an examination of
the resulting data set revealed that nearly all the cases had complete data.”
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In less than 72 hours after Hurricane Charley hit landfall, 10 teams interviewed 203 randomly
selected households (spanning three counties), processed the resulting data, and completed
their analysis. North Carolina benefited by a more streamlined assessment process, improved
mapping, and more accurate data. Due to the success of the RNA, North Carolina is developing
more ArcPad applications to assist with disaster response including flooding in mountainous
regions and disease outbreak investigations. “The applications seem endless,” says Pat Fugate,
disease investigation specialist, Buncombe County Health Center. “ArcPad was a quantum leap
of improvement over the paper system we used last year. The handheld concept for completion
of public health RNA and rapid transfer of data and mapping is pretty awesome. Everyone
who hears about the technology and the capability is interested, whether it be for emergency
management, public health, or other uses.”
“ArcPad was a quantum leap
of improvement over the paper
system we used last year.”
Pat Fugate
Disease Investigation Specialist
Buncombe County Health Center
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Field data entry using ArcPad improves data collection accuracy and speed over paper-based methods.

Results

 Assessments can be completed in fewer man-hours.
 Mapping and reporting is improved.
 Accuracy of data is increased.
 ArcPad use is expanded to other disaster response scenarios.

ESRI Software Used

Hardware Used

ArcPad
ArcPad Application Builder
ArcPad StreetMap Extension
Hewlett–Packard iPAQ 5550, 5450
Teletype World Navigator 1653 GPS
(Reprinted from an ESRI Case Study)
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ince 1969, ESRI has been giving customers around
the world the power to think and plan geographically.

The market leader in geographic information system
(GIS) solutions, ESRI software is used in more than
300,000 organizations worldwide including each
of the 200 largest cities in the United States, most
national governments, more than two-thirds of Fortune
500 companies, and more than 5,000 colleges and
universities. ESRI applications, running on more than one
million desktops and thousands of Web and enterprise
servers, provide the backbone for the world’s mapping
and spatial analysis. ESRI is the only vendor that provides
complete technical solutions for desktop, mobile, server,
and Internet platforms. Visit us at www.esri.com.
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