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Moving ahead in transportation

As sovereign Nations, Tribes in the United States are responsible for all aspects of tribal government,
including managing the transportation infrastructure for communities and tribal lands. The stories in
this chapter demonstrate how several tribal governments have used GIS to meet the needs and challenges Tribes face with managing and maintaining their road systems. From managing road inventory,
construction, and maintenance to permitting, planning, and routing, GIS is being used to help Tribes
provide a safe and adequate roadway system, while saving money and contributing to the health, safety,
and economic well-being of their communities.
A compelling reason to use GIS within any tribal transportation office is the Indian Reservation Roads
(IRR) Program. In 1982, the Surface Transportation Assistance Act established the IRR. This program is
jointly administered by the Federal Highway Administration’s Office of Federal Lands Highway (FLH)
and the Bureau of Indian Affairs (BIA). Indian reservation roads are public roads that provide access to
and within Indian reservations, Indian trust land, restricted Indian land, and Alaska Native villages. The
goal of the IRR Program is to address the transportation needs of Indian Tribes and Alaska Native villages by providing funds for planning, designing, construction, and maintenance of Indian reservation
roads. The IRR Program funding for these activities is based on the accurate inventory of reservation
roads. As demonstrated here, GIS can be a tremendously helpful tool in responding to the IRR Program.
It plays a key role in the organization of road data, producing reports and maps, and in the planning of
new and expanded roadways.
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Leveraging GIS for transportation management provides a platform for decision support for other
transportation-related programs. Some examples include planning more effective delivery for programs that use reservation roads, such as school buses, emergency vehicles, and delivery services. A
GIS-based road network across a reservation enables the creation of response time maps for police and
emergency departments and analysis of underserved areas. It also helps decision-makers understand
where new police and fire stations need to be placed as their community grows. School buses can be
routed so they are using the shortest, most efficient routes to pick up and drop off schoolchildren, which
saves them time, money, and fuel.
The stories for this chapter come from two different Tribes with large GIS implementations — the
Department of Geospatial Information of the Chickasaw Nation and the Navajo Division of Transportation. Both of these stories demonstrate the important role GIS is playing in helping Tribes meet the
challenges of tribal transportation.

Road network efficiencies using GIS at the
Chickasaw Nation
John Ellis, Director, Department of Geospatial Information, the Chickasaw Nation
Ada, Oklahoma
The Road Network Project at the Chickasaw Nation began from a need to develop more accurate network
response times and more efficient routes to save time, money, and, hopefully, lives. Before this project
began, existing routes were accepted as the most efficient and best routes because they had been in
use for a long time. With the support of GIS layers and analysis, it is now clear that the fastest or most
efficient route isn’t necessarily a straight line. Looking at a map, it is natural to visually calculate the
route from point A to point C, assuming that going through point B is a given. Taking different elements
into consideration, such as speed limit, construction areas, rush hour times, stop signs, and many other
qualifying attributes, the quickest way from A to C may be through point D.
Another issue that exists within the realm of the transportation network is minimizing response time
for emergency management services. The Chickasaw Nation has a large service area covering 7,443
square miles in south-central Oklahoma, which includes all or parts of thirteen counties. The roads network covers a staggering 14,598 miles of roadway. Within this area, the Chickasaw Government provides
emergency services as well as transportation services. Using a response time map is an excellent tool
for developing an optimal system of stations for a fire department, police department, or transportation
office. The map can be used to locate the longest response times in order to determine placement of new
stations. These response-time maps are used daily by the fire and police departments to ensure they are
providing their services as economically and as effectively as possible to the Chickasaw Nation.
Developing a process for creating a better road network was the first step of the project. It was determined that the best way to store and manage this information would be in a geodatabase where a series
of GIS layers would work together to represent the road network. The layers in this type of geodatabase
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are known as a feature dataset. Because there are hundreds of road networks available, it was necessary
to first determine which existing road network was the most accurate, and then to use it as the base
transportation feature dataset. Once this dataset was updated and corrected with new road data and
additional attribute data, it served as the main dataset from which our other data layers and feature
classes were derived. These include an IRR routes layer, a quick draw layer (for display on the web), and
a display layer that is visually appealing at a higher scale.
Work on the transportation network in the feature dataset began by taking an existing road feature
class, updating it with missing data, and adding new attributes needed for routing, such as drive time,
pedestrian time, speed limits, height restrictions, from elevation, to elevation, hierarchy, and one-way
restrictions. There were a total of 45,936 road segments to edit and update. New road features were
added while analyzing new high-resolution aerial imagery. While it took a considerable amount of time
to develop this transportation feature class, it was worth the investment.
After this long process was complete, the quick draw layer was created. The road network transportation feature class was copied, and many fields that were included for routing were deleted to allow the
layer to process at a faster rate. After this feature class was finished, the information was also copied so
that a display layer could be created from it. This new display feature class was made to allow for the creation of a more visually pleasing and less cluttered map at a larger scale. This feature class is also easier
to label since many roads with two separate sides (such as interstates) show up as one road at the larger
scale. The last feature class created was the IRR route layer. IRR routes were digitized from the roads feature class and depict all routes where the Chickasaw Nation assists with road maintenance.
As this project progressed, it was found that the same aerial data that was used at the start had to
be used throughout in order to maintain consistency throughout the dataset. The aerials that were initially used to map one area did not have some of the new roads that were depicted in new imagery that
was received six months after the start of the project. Unfortunately, the imagery didn’t always line up
correctly. This was handled by incorporating both imagery sources into the editing process. Roads are
always changing and new subdivisions are always being built, so the newest dataset might not always
include every existing element due to the time post-processing takes. Roads necessarily digitized from
new imagery had to be rectified to the original imagery’s correct spatial reference. Versioning was used
for the first time at the Chickasaw Nation during this project. This allowed the unique instances of the
same dataset to be edited and reconciled in workflows involving multiple editors.
To support this project, program personnel are organized in a versioned editing atmosphere with
the GIS specialist at the center. The interns and the GIS specialist are the editors of the geospatial data,
and the GIS specialist double-checks all geospatial data that is turned in to the GIS analyst. The GIS
analyst is responsible for the Quality Assurance/Quality Control (QA/QC) process. Once all the data has
gone through the QA/QC process, the data is then “posted” to the main (default) database to provide
program-wide access.
The workflow for this project included using aerial imagery for visual analysis and digitizing features
for the feature classes. Building the road network was another part of the main workflow, which included adding network attributes to the feature tables and building the network using the network analyst
extension. This was done so that drive-time calculations and additional network-based analysis could
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Figure 1. Versioned editing. Courtesy Chickasaw Nation

be performed. This part of the process was relatively easy compared to complications that came up
related to the creation of datasets and data features.
This project took two years to implement, with interns working on the road network creation on a
scale of approximately 1:1,500. Building the network took approximately two months. As a result, four
critical layers have been created: a roads layer, a quick draw roads layer for the web, a display roads layer,
and an IRR routes layer. There were three services resulting from the road network, including a bus routing service, a fire department response-time service, and a Lighthorse Police Department service. Other
layers can also be derived from the road layer using the Network Analyst extension to ArcGIS Desktop.
Benefits from this transportation project have had an impact on many areas throughout the Chickasaw
Nation. An accurate transportation network has helped emergency management crews respond more
quickly. Transportation services for schoolchildren and others needing transportation are run more economically. Placement of offices and services to support a growing community is now done more effectively through careful and meaningful spatial analysis.
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Figure 2. Lighthorse Police response-time map. Courtesy of the Chicksaw Nation, Division of Housing and Tribal
Development, Geospatial Information, Adam Drannon

Using GIS to assess and manage tribal
transportation infrastructure
Nick Hutton, Data Transfer Solutions, LLC; and Jonah Begay, IRR Inventory Coordinator, GIS
Specialist, Navajo Division of Transportation
Window Rock, Arizona
Spanning approximately 27,000 square miles across three states, the Navajo Nation is the largest sovereign
Nation in the contiguous United States. The Navajo Nation has a strong presence in the US government
and often leads the way in tribal efforts to promote key areas such as economic development, health
care, and education at the national level. Despite its prominence, the sheer size and remote nature of
the Navajo Reservation presents unique challenges in managing its infrastructure and resources.
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Consider, for instance, the road inventory that Tribes submit each year to the IRR Program. The IRR
maintains the official inventory of reservation roads in the United States and is designed to allocate federal funding to tribal governments for transportation, planning, and road maintenance activities.
A component of the broader Integrated Transportation Information Management System (ITIMS)
Program, the Bureau of Indian Affairs Division of Transportation (BIA-DOT) maintains the national reservation road inventory in a system called RIFDS—the Road Information Field Data System. Each year,
as part of the IRR Program, Tribes are eligible to submit their road inventory data to one of the twelve
BIA regional offices. There are approximately 560 nationally recognized Tribes that fall under the twelve
BIA regions. The Navajo Nation submits its road inventory to the Bureau of Indian Affairs Navajo Regional Office (BIA-NRO) in Gallup, New Mexico.
The Navajo road inventory was far from comprehensive. In early 2006, its official RIFDS inventory
contained approximately 9,800 miles of roads. Roughly, 6,000 miles were BIA roads, and the remaining
3,800 were primarily state and county roads, with very few tribal roads mixed in. Navajo transportation
officials determined that the road inventory was substantially underperforming in two key areas.
• Road mileage quantity: The current inventory reflected only a small percentage of the reservation’s
tribal roads. It was widely believed that there were thousands of miles of tribal public roads that
were eligible for the inventory, but were not yet included.
• Data quality: Of the 9,800 miles of roads in the 2006 inventory, only a portion generated funding
in the RIFDS allocation formula. Some roads in the existing inventory were missing key pieces
of information, which excluded them from funding. Misinterpretations of program regulations
resulted in a lack of quality data, exacerbating the effect of the low mileage numbers.
To address these issues, in April of 2006 the Navajo Division of Transportation (DOT) launched a proactive and aggressive campaign that would expand its internal capacities, establish a systematic method
for identifying eligible public tribal reservation roads, remove subjectivity from regulations, and build
a system to improve both the quantity and quality of the road inventory data. With the support of the
Navajo Nation Transportation and Community Development Committee (TCDC) and under the direction of the former Division of Transportation Director Tom Platero, Navajo DOT GIS Specialists Lemont
Yazzie and Jonah Begay and consulting Project Manager Nick Hutton embarked on an innovative and
challenging endeavor that would span more than four years.
The first step was to fortify the division’s existing technology infrastructure. New enterprise-class
servers were put into place, network bandwidth was expanded, and new data was collected. The Navajo
DOT implemented a spatially enabled, multi-tiered, web-based information architecture that was part
of an integrated hardware and software solution provided by the InLine Corporation (now IceWeb) and
Esri. The IceWeb servers were preloaded with ArcGIS Server and MS-SQL Server, and were preconfigured to optimize system performance. This preconfigured system saved many hours of work by allowing
the Navajo project team to focus primarily on the development of the core programs and data, instead
of testing and tweaking the new system.
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Figure 3. The NAVRIS geospatial architecture. Courtesy of Navajo Division of Transportation

The next step was to obtain and develop the required data. The project team was able to acquire
brand new, reservation-wide aerial photography captured as part of a joint project between the Department of the Interior and the state of New Mexico. Once the imagery was loaded onto the new system, it
was time to start digitizing road centerlines.
Along with a team of GIS technicians using Esri’s ArcGIS technology, GIS consultant and Esri business
partner Data Transfer Solution (DTS) began the digitization process. It wasn’t until this time that the
team realized the full extent of the project. After several months of heads-up digitizing, the team mapped
more than 70,000 miles of roads and trails. While not all of the digitized centerlines were eligible for the
official IRR inventory, the potential challenges associated with managing these roads were daunting to
DOT officials. This realization underscored the notion that automation would be an absolute necessity
in the development of the Navajo DOT road inventory system. While the GIS techs continued the digitization process, the programming staff at DTS and the Navajo DOT project team were busy developing
the inventory management system.
The team concluded that the system must be secure, web-based, geospatially enabled, usable by
staff members both with and without GIS expertise, and capable of mapping automation — specifically,
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Figure 4. Bi-directional filtering of data between the map interface and the filtering page. Courtesy of Navajo
Division of Transportation
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Figure 5. NAVRIS data validation. Courtesy of Navajo Division of Transportation

strip map automation. In addition, the team identified the need for a robust querying component that
included bi-directional filtering between the map interface and the filtering page.
What emerged was a system the Navajo DOT calls NAVRIS — the Navajo Roadway Inventory System.
In addition to web, GIS, and automation capabilities, NAVRIS incorporates a series of validation scripts
to ensure the data is entered in accordance with program requirements.
One of the most challenging aspects of the project was establishing consistent interpretations of
the IRR Program regulations between the BIA-NRO and the Navajo DOT staff. This took many months
of research in collaboration with BIA-NRO Chief Engineer Harold Riley and his staff. To the credit of
both agencies, considerable common ground was established and the findings were subsequently programmed into the core automation and validation logic of NAVRIS. As a result, the percentage of roads
rejected by the BIA because of missing or incorrect data has declined dramatically.
As of the 2010 IRR submission cycle, the division staff has nearly doubled the number of miles in its
inventory. It grew from 9,800 miles in 2006 to nearly 18,000 miles, including approximately 8,000 miles
of tribal roads. The additional mileage and updates to the existing data increased the Navajo Nation’s
IRR funding by an average of 30 percent compared to its 2006 funding level. To date, the Navajo DOT has
received a fifteen-fold return on its initial investment in the IRR project. This adjusted allocation will allow for critical transportation infrastructure improvements supporting access to education, employment,
health care, and other services for the Nation’s widespread residents.
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